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52.225-13 RESTRI CTI ONS ON CERTAI N FORElI GN PURCHASES (JUL 2000)

(a) The Contractor shall not acquire, for use in the performance of this contract, any supplies
or services originating fromsources within, or that were located in or transported from or
through, countries whose products are banned frominportation into the United States under

regul ations of the Ofice of Foreign Assets Control, Department of the Treasury. Those countries
are Cuba, Iran, Iraq, Libya, North Korea, Sudan, the territory of Afghanistan controlled by the
Tal i ban, and Serbia (excluding the territory of Kosovo).

(b) The Contractor shall not acquire for use in the performance of this contract any supplies or
services fromentities controlled by the government of Irag.

(c) The Contractor shall insert this clause, including this paragraph (c), in all subcontracts.
52.236-4 PHYSI CAL DATA ( APR 1984)

Data and information furnished or referred to belowis for the Contractor's information. The
Government shall not be responsible for any interpretation of or conclusion drawmn fromthe data
or information by the Contractor.

(a) The indications of physical conditions on the drawings and in the specifications are the
result of site investigations by the Governnent.

(b) Weather conditions : The Contractor shall satisfy hinmself/herself as to the hazards likely to
arise fromweather conditions. Conplete weather records and reports may be obtained fromany US
Weat her Bureau Office.

(c) Transportation facilities: The Contractor shall make his/her own investigation of the
condi tions of existing public and private roads and of clearances, restrictions, bridge |oad
limts and other limtations affecting transportation and ingress and egress at the job site.
The unavail ability of transportation facilities or limtations thereon shall not become a basis
for transportation facilities or linmtations thereon shall not becone a basis for clains

agai nst the Covernment or extension of time for conpletion of the work.

252.247-7024 NOTI FI CATI ON OF TRANSPORTATI ON OF SUPPLI ES BY SEA ( MAR 2000)

(a) The Contractor has indicated by the response to the solicitation provision, Representation of
Extent of Transportation by Sea, that it did not anticipate transporting by sea any supplies.

If, however, after the award of this contract, the Contractor l|earns that supplies, as defined in
the Transportation of Supplies by Sea clause of this contract, will be transported by sea, the
Contractor --

(1) sShall notify the Contracting Officer of that fact; and

(2) Hereby agrees to conply with all the ternms and conditions of the Transportation of Supplies
by Sea clause of this contract.

(b) The Contractor shall include this clause; including this paragraph (b), revised as necessary
to reflect the relationship of the contracting parties--

(1) In all subcontracts under this contract, if this contract is a construction contract; or

(2) If this contract is not a construction contract, in all subcontracts under this contract that
are for--

(i) Noncommercial items; or
(ii) Commercial itenms that--
(A) The Contractor is reselling or distributing to the Government w thout addi ng val ue
(generally, the Contractor does not add value to itens that it subcontracts for f.o.b.

destination shipnent);

(B) Are shipped in direct support of U S military contingency operations, exercises, or forces
depl oyed in humani tarian or peacekeepi ng operations; or

(C Are conmissary or exchange cargoes transported outside of the Defense Transportation System
in accordance with 10 U. S. C. 2643.

(End of cl ause)

Encl. 1 to Amend. 0003
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SECTI ON 13851A

FI RE DETECTI ON AND ALARM SYSTEM ADDRESSABLE

PART 1 GENERAL
1.1 REFERENCES

The publications listed below forma part of this specification to the extent referenced. The publications are
referred to in the text by basic designation only.

AMERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI )
ANSI S3. 41 (1990; R 1996) Audi bl e Energency Evacuation Signals
U. S. NATI ONAL ARCHI VES AND RECORDS ADM NI STRATI ON ( NARA)
47 CFR 15 Radi o Frequency Devi ces
FACTORY MUTUAL ENG NEERI NG AND RESEARCH (FM
FM P7825a (1998) Approval Guide Fire Protection
| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)
| EEE C62. 41 (1991; R 1995) Surge Voltages in Low Voltage AC Power Circuits

NATI ONAL FI RE PROTECTI ON ASSOCI ATl ON ( NFPA)

NFPA 70 (1999) National Electrical Code

NFPA 72 (1996; Errata Cct 96, Dec 96; TIA 96-1, 96-2, 96-3) National Fire Al arm Code

NFPA 90A (1996) Installation of Air Conditioning and Ventilating Systens

NFPA 1221 55)1/9?4) I nstall ati on, Muintenance and Use of Public Fire Service Communi cation
st ens

UNDERWRI TERS LABORATORI ES (UL)

UL 6 (1997) Rigid Metal Conduit

UL 38 (1994; Rev Nov 1994) Manual ly Actuated Signaling Boxes for Use with
Fire-Protective Signaling Systens

UL 228 (1997) Door Closers-Holders, Wth or Wthout |Integral Snoke Detectors

UL 268 (1996; Rev thru Jun 1998) Snpke Detectors for Fire Protective Signaling Systens

UL 268A (1998) Snoke Detectors for Duct Applications

UL 464 (1996; Rev May 1997) Audi bl e Signal Appliances

UL 521 (1993; Rev Oct 1994) Heat Detectors for Fire Protective Signaling Systens

UL 632 (1994; Rev Sep 1994) Electrically-Actuated Transmitters

uL 797 (1993; Rev thru Mar 1997) Electrical Metallic Tubing

UL 864 (1996) Control Units for Fire-Protective Signaling Systens

UL 1242 (1996; Rev Mar 1998) Internediate Metal Conduit

UL 1971 (1995; Rev thru May 1997) Signaling Devices for the Hearing |npaired

1.2 SUBM TTALS

Governnent approval is required for subnmittals with a "G' designation; subnmittals not having a "G' designation
are for information only. Wen used, a designation following the "G' designation identifies the office that

will review the submttal for the Governnent. The follow ng shall be submtted in accordance with Section 01330
SUBM TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Fire Alarm Reporting System FICf 1 ]

Detail drawi ngs, prepared and signed by a Registered Professional Engineer or a NI CET Level [3}4}
Fire Alarm Technician, consisting of a conplete |ist of equipnment and material, including
manuf acturer's descriptive and technical literature, catalog cuts, and installation instructions.

Note that the contract draw ngs show | ayouts based on typical detectors. The Contractor shall check
the | ayout based on the actual detectors to be installed and nake any necessary revisions in the detail
drawi ngs. The detail draw ngs shall also contain conplete wiring and schematic diagrans for the

equi pnent furnished, equipnent |ayout, and any other details required to denonstrate that the system
has been coordinated and will properly function as a unit. Detailed point-to-point wring diagram
shal | be prepared and signed by a Regi stered Professional Engineer or a NICET Level [3}-4} Fire Alarm
Techni ci an showi ng poi nts of connection. Diagramshall include connections between system devi ces,
appl i ances, control panels, supervised devices, and equi pment that is activated or controlled by the
panel .

SD- 03 Product Data

Storage Batteries; FICf —F ]

Substantiating battery cal cul ations for supervisory and al arm power requirenents. Anpere-hour
requirenents for each system conponent and each panel conponent, and the battery rechargi ng period
shal | be included.

Vol tage Drop; FIC} 1+ ]

Vol tage drop calculations for notification appliance circuits to indicate that sufficient voltage is

SECTI ON 13851A Page 2 Encl. 1 to Anend. 0003
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avai |l abl e for proper appliance operation

Speci al Tools and Spare Parts; FICf +— ]

Spare parts data for each different itemof material and equi pnent specified, not l|ater than (3}+f2
————1} nmonths prior to the date of beneficial occupancy. Data shall include a conplete Iist of parts
and supplies with the current unit prices and source of supply and a |ist of the parts recomended by

Techni cal Data and Conmputer Software; G—fFIC—1

Techni cal data which relates to conputer software

Training; FIC 1 ]

Lesson plans, operating instructions, maintenance procedures, and training data, furnished in manua
format, for the training courses. The operations training shall famliarize designated governnment
personnel with proper operation of the fire alarmsystem The nmi ntenance training course shal
provi de the desi gnated government personnel adequate know edge required to di agnose, repair, maintain
and expand functions inherent to the system

Testing; GA} 1 ]

Detail ed test procedures, prepared and signed by a Regi stered Professional Engineer or a N CET Leve
F3}4} Fire Alarm Technician, for the fire detection and al arm system[60}—f———} days prior to
perform ng systemtests.

SD- 06 Test Reports

Testing; FIC 1 ]

Test reports, in booklet form showing field tests perforned to prove conpliance with the specified
performance criteria, upon conpletion and testing of the installed system Each test report shal
docunent actual readings, test results and indicate the final position of controls. The Contractor
shal |l include the NFPA 72 Certificate of Conpletion and NFPA 72 I nspection and Testing Form with the
appropriate test reports.

SD-07 Certificates

Equi pnent; FI Cf ¥ ]

Certified copies of current approvals or listings issued by an i ndependent test lab if not |isted by
UL, FMor other nationally recognized testing |aboratory, show ng conpliance with specified NFPA

st andar ds.
Qualifications; FICE 1 ]
Proof of qualifications for required personnel. The installer shall submt proof of experience for

t he Professional Engineer, fire alarmtechnician, and the installing conpany.
SD- 10 Operation and Mai ntenance Data

Techni cal Data and Conputer Software; FICe—fF—1

FSi x}————} copies of operating manual outlining step-by-step procedures required for system
startup, operation, and shutdown. The manual shall include the manufacturer's nane, nodel nunber
service manual, parts list, and conplete description of equi pnent and their basic operating features.
FSi x}————} copi es of maintenance manual |isting routine maintenance procedures, possible breakdowns
and repairs, and troubl eshooting guide. The manuals shall include conduit |ayout, equipnent |ayout
and sinplified wiring, and control diagrams of the systemas installed. The nmanuals shall include
conpl ete procedures for systemrevision and expansi on, detailing both equi pment and software
requirenents. Original and backup copies of all software delivered for this project shall be provided

on each type of nedia utilized. Manuals shall be approved prior to training
1.3 GENERAL REQUI REMENTS
1.3.1 St andard Products

Mat eri al and equi pment shall be the standard products of a manufacturer regularly engaged in the manufacture
of the products for at |least |2} ——1} years prior to bid opening. Equipnent shall be supported by a service

organi zation that can provide service within 24 hours of notification

1.3.2 Nanmepl at es
Maj or conponents of equi pnent shall have the nanufacturer's nane, address, type or style, voltage and current
rat!ng, and catal og nunber on a noncorrosive and nonheat-sensitive plate which is securely attached to the
equi prent .

1.3.3 Keys and Locks
Locks shall be keyed alike. Four keys for the system shall be provided

1.3.4 Tags
Tags with stanped identification number shall be furnished for keys and | ocks.

1.3.5 Verification of Dinensions

After becoming familiar with details of the work, the Contractor shall verify dinensions in the field and shal
advi se the Contracting O ficer of any discrepancy before perform ng the work.

1.3.6 Conpl i ance

The fire detection and al ar m syst em and-the—centralreporting-system-shall be configured in accordance with
NFPA 72; exceptions are acceptable as directed by the Contracting O ficer. The equi pment furni shed shall be

conpati ble and be UL |isted, FM approved, or approved or listed by a nationally recognized testing | aboratory
in accordance with the applicabl e NFPA standards.
1.3.7 Qualifications
1.3.7.1 Engi neer and Techni ci an
a. Registered Professional Engineer with verification of experience and at |east 4 years of current

experience in the design of the fire protection and detection systens.

SECTI ON 13851A Page 3 Encl. 1 to Anend. 0003
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b. National Institute for Certification in Engineering Technol ogies (NI CET) qualifications as an
engi neering technician in fire alarmsystens programw th verification of experience and current N CET
certificate.

c. The Regi stered Professional Engineer may performall required itens under this specification. The
NI CET Fire Al arm Technician shall performonly the items allowed by the specific category of certification held

1.3.7.2 Installer

The installing Contractor shall provide the following: [FNCET Fire Alarm Technicians to performthe
installation of the system A N CET Level 3} [4}-Fire Al arm Technician shall supervise the installation of
the fire alarmsystem N CET Level 2 or higher Fire Al arm Technician mayshat- install and terminate fire alarm
devi ces, cabinets and panels. An electrician or NICET Level 1 Fire Alarm Technician shall only install conduit
for the fire al arm syst em}—|Fire-Alarm Fechnicianstoperformtheinstallationof the system A Fire Alarm
Technician with a m nimum of 4 years of experience shall perform supervise the installation of the fire alarm
system Fire Alarm Technicians with a mninmumof 2 years of experience shall be utilized to assist in the
installation and terninate fire alarmdevices, cabinets and panels. An electrician shall be allowed to

install wire or cable and to install conduit for the fire alarmsystem} The Fire Alarmtechnicians installing
t he equi pment shall be factory trained in the installation, adjustnent, testing, and operation of the

equi pnent specified herein and on the draw ngs.

1.4  SYSTEM DESI GN
1.4.1 Operati on

The fire alarm and detection systemshall be a conplete in itself,— fullysupervised, addressable system

conplying with ADA requirenents. fire alarmreporting systen F|re Al arm System conpri ses of main panel |ocated

in Mech Room a renpte control panel (not too big, about 10"x10") located in Com Center and other accessories

(pull stations and notification appliances etc.)distributed over the building. - The systemshall be activated
into the al arm nbde by actuation of any alarminitiating device. The systemshall remain in the al arm node
until the initiating device is reset and the fire alarmcontrol panel is reset and restored to normal. Al arm

initiating devices shall be connected fto initiating device circuits (I1DO}, fStyleBlfor}f Style O}, to
signal line circuits (SLC), Style 56}, in accordance with NFPA 72. Alarmnotification appliances shall be

connected to notification appliance circuits (NAC), Style Z in accordance with NFPA 72. A | ooped conduit
system shal | be provided so that if the CondU|t and all conductors within are severed at any poi nt, aII | DC,
NAC and SLC Wi II remai n functional. i-ssi

eenL#aL—ee#nuneea%een—een%e#}— Textual audi bl e, and vi sual appl|ances and systens shal | conply mnth NFPA 72.

Fire alarm system conponents requiring power, except for the control panel power supply, shall operate on 24
Volts dc. Addressable systemshall be microconputer or {m croprocessor —er—ni-erocontroeller) based with a
m ni mum word size of eight bits and shall provide the follow ng features:

a. Sufficient menory to performas specified and as shown for addressabl e system

b. I ndi vidual identity of each addressable device for the follow ng conditions: alarm trouble; open
short; and appliances missing/failed renote detector - sensitivity adjustnent fromthe panel for snopke
det ectors

c. Capability of each addressabl e device being individually disabled or enabled fromthe panel

d. Each SLC shall be sized to provide 40 percent addressabl e expansi on w thout hardware nodifications to
t he panel

1.4.2 Oper ati onal Features
The system shall have the foll owi ng operating features:

a. Mnitor electrical supervision of H DC } SLC } and ENAGE. fSnoke detectors fshal}—fshall not} have
conbined alarminitiating and power circuits.}

b. Monitor electrical supervision of the prinmary power (ac) supply, battery voltage, placenent of alarm
zone nodul e (card, PC board) within the control panel, and transnmitter tripping circuit integrity.

c. A trouble buzzer and trouble LED/LCD (light emitting diode/liquid crystal diode) to activate upon a
si ngl e break, open, or ground fault condition which prevents the required nornmal operation of the
system The trouble signal shall also operate upon |oss of primry power (ac) supply, |ow battery
vol tage, renpval of alarm zone nodul e (card, PC board), and disconnection of the circuit used for
transmtting alarmsignals off-prem ses. A trouble alarmsilence switch shall be provided which wll
silence the trouble buzzer, but will not extinguish the trouble indicator LEDLCD. Subsequent trouble
and supervisory alarnms shall sound the trouble signal until silenced. After the systemreturns to
normal operating conditions, the trouble buzzer shall again sound until the silencing switch returns to
normal position, unless automatic trouble reset is provided

d. A one person test node. Activating an initiating device in this node will activate an alarmfor a

short period of time, then automatically reset the al arr. —without—activatingthe transritterduring—

f. Evacuation alarmsilencing switch which, when activated, will silence alarmdevices, but will not
affect the zone indicating LED LCL. -ror—theoperationof the transmitter— This switch shall be
over-ridden upon activation of a subsequent alarmfrom an unal arned device and the NAC devices will be
activat ed.
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g. Electrical supervision offer circuits used for supervisery—signal services and —e——sprinkler
systems, valves, etc.)}~ Supervision shall detect any open, short- or ground

h. Confirmation or verification of all snoke detectors operations. The control panel shall interrupt the
transm ssion of any other alarmsignal to the systemcontrol panel for a factory preset period. This
interruption period shall be adjustable from1l to 60 seconds and be factory set at g29+—%1o_::::+
seconds. Inmediately following the interruption period, a confirmation period shall be in effect
during which time an alarmsignal, if present, will be sent imediately to the control panel. Fire

al arm devi ces other than snoke detectors shall be programed wi thout confirmation or verification

i. The fire alarmcontrol panel shall provide supervi sed addressabl e relays for HVAC shutdown. An
override at the HVAC panel shall not be provided

m The main control panel and renote control panel andfield-panels shall be software reprogrammable to
enabl e expansion or nodification of the systemconfigurationw thout replacement of hardware. e+
firmmare——Exanpl es of required changes are: adding or deleting devices or zones; changing system
responses to particular input signals; progranmng certain input signals to activate auxiliary devices.

n. Zones for [ DG Fand} ENACE shall be farranged as indicated on the contract draw ngs}l—fasfoellows:—
—H

1.4.3 Al ar m Functi ons

An alarmcondition on a circuit shall automatically initiate the foll ow ng functions:

b. Visual indications of the alarmed devices on the nain fire alarmcontrol panel display and renote fire

al arm control panel display. fanrd—enthe renpte audiblelvisualdisplay}—

c. Continuous soundi ng er—operation—of alarmnotification appliances e.g. strobe\horn conbi nati ons and
| i kewi se devices throughout the building as required by ANSI S3.4lexcept Com center and bat hroons

where | ow dBA strobe\chi me conbi nations will be used. [Lonrlyin-designated-areast|throughoutthe buildin

e. Operation of the snpbke control system

f. Deactivation of the air handling units [serving the al arned ar eal|{throughoutthe buitding}l.

h. Automatic discharge of the designated fire suppression systems shall be required as described and\or

shown under F|re Protection Systen1EXamnngs ———Ar%:::::}—%%é}—seeend—Ha*+Haﬁ¥deLay—shaLL—be—p#9¥+ded—

1.4.4 Primary Power

Operating power shall be provided as required by paragraph Power Supply for the System Transfer from normal
to emergency power (battery back-up) or restoration fromenmergency to norrmal power shall be fully automatic and
not cause transnm ssion of a false alarm Loss of ac power shall not prevent transnission of a signal via the
fire reporting system upon operation of any initiating circuit.

1.4.5 Battery Backup Power

Battery backup power shall be through use of rechargeabl e, seal ed-type storage batteries and battery charger

1.4.6 Interface Wth other Equi pment

Interfacing conponents shall be furnished as required to connect to subsystens or devices which interact with
the fire alarm system such as supervisory or alarmcontacts in suppression systens, operating interfaces for
snoke control systens, and addressabl e npbdul es, doer—+eleases— etc.

1.5 TECHNI CAL DATA AND COVPUTER SOFTWARE

Techni cal data and conput er software (meani ng technical data which relates to conputer software) which is
specifically identified in this project, and is which+ay be definedfrequired for successful operation of fire
aIarn1systenkn—ekhe#—SQeGF#keakkens shal | be delivered, strictly in accordance with the CONTRACT CLAUSES, and
in accordance with the Contract Data Requirenents List, DD Form 1423. Data delivered shall be identified by
reference to the particul ar specification paragraph against which it is furnished. Data to be submtted shal

i nclude conpl ete system equi pnent, and software descriptions. Descriptions shall show how t he equi prent will
operate as a systemto neet the performance requirenents of this contract. The data package shall also include
the follow ng:

(1) ldentification of progranmable portions of system equi prent and capabilities.

(2) Description of systemdetailing software revision requirenents, and-expansion capabilities and

met hods of inplenentation on the detaitingbeth—equi pnent. —and-seftware reguirerents—

(3) Provision of operational software data on all nmopdes of programmabl e portions of the fire alarm and
det ecti on system
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(4) Description of relationship and sequential operation of Each Fire Alarm Control Panel components.
egui-phent operati-on.

(5) Description of auxiliary and renote equi pnent operations.

(6) Library of application software
(7) Operation and nmai ntenance manual s as specified in SD-19 of the Submittals paragraph
6 DELI VERY AND STORAGE

Equi pnent delivered and placed in storage shall be stored with protection fromthe weather, humdity and
tenperature variation, dirt, dust, and any other contan nants.

PART 2 PRODUCTS

2

1 CONTRCL PANELS BOTH MAI N AND REMOTE

Control Panels shall conmply with the applicable requirements of UL 864. Panels shall be nodular, installed in
a Hlushl{fsurfacel or fsem -flush} nounted steel cabinet with hinged door and cylinder |ock. Control panels
shall be a clean, uncluttered, and orderly assenbl ed panel containing conponents and equi prment required to
provide the specified operating and supervisory functions of the system The panels shall have prominent rigid
pl astic, phenolic or netal identification plates for LED/ LCDs, zones, SLC, controls, neters, fuses, and

swi tches. Nanepl ates for fuses shall also include anpere rating. The LED/LCD displays shall be |ocated on the
exterior of the cabinet door or be visible through the cabinet door. Control panel sw tches shall be within
the | ocked cabinet. A suitable neans (single operation) shall be provided for testing the control panel visua
i ndi cating devices (neters or LEDs/LCDs). Meters and LEDs shall be plainly visible when the cabi net door is
closed. Signals and LEDs/LCDs shall be provided to indicate by zone any alarm supervisory or trouble
condition on the system [Each IDC shall be powered and supervised so that a signal on one zone does not
prevent the receipt of signals fromother devices.} Loss of power, including batteries, shall not require the
manual rel oading of a program Upon restoration of power, startup shall be automatic, and shall not require
any manual operation. The |oss of primary power or the sequence of applying primary or energency power shal
not affect the transm ssion of alarm supervisory or trouble signals. Visual annunciation shall be provided

for LED/LCD visual display as an integral part of the control panels and shall identify with a word description
and id nunber each device. Cabinets shall be provided with anple gutter space to all ow proper clearance
bet ween the cabinet and live parts of the panel equipnent. |If nore than one nodular unit is required to forma

control panel, the units shall be installed in a single cabinet |arge enough to acconmodate units. Cabinets

shal | be painted [fredl|beige}

B Renote Control Panel (Small Version) System-AudiblelVisual—Dbisplay

Audi bl e appliance shall be | ow dBA buzzer for indicating trouble. Audible device for the fire alarmshall be
Low dBA chine which nay be either |ocated on the renote panel or renpte graphic annunciator. No duplication of
audi bl e devices for the sane purpose shall be allowed. haveamnimumsoundtevel outputratingof [85]—
&ZZ:::}—GBA—aL—3—95—H——aand shaII operate in conjunction with the panel integral display. —Fhe—audible-device—
The audi bl e device shall be silenced by the
system-silencer switch |ocated at the renote panel or graphic annunci at or leeatien, but shall not extinguish the
visual indication. The renpte LED/LCD visual display shall provide identification, consisting of the word
description and id nunber for each device as displayed on the nain control panel located in the Mech Room. A
rigid plastic, phenolic or netal identification sign which reads "Fire Al arm Syst em Renot e Panel Bisplay' shal
be provided at this panel .e+empteaudiblelvisualdisplay— The visual indicationrerpte—visual—apptiance—
Locatedw-th-theaudibleappliance shall not be extinguished until the trouble or alarm has been cl ear ed.

1.2 Circuit Connections

Circuit conductors entering or |eaving the panel shall be connected to screwtype termnals with each
conductor and term nal marked for identification

.1.3 Syst em Expansi on and Modification Capabilities

Any equi pnent and software needed by qualified technicians to inplenent future changes to the fire alarm system
shal | be provided as part of this contract.

.1.3.1 ADDRESSABLE MODULES

Addressable modules listed in following two paragraphs are neant to clarify our addressable systemrequirenents
in general. Contractor shall nake diligent effort in providing sinple (not conplex) but working addressabl e
Fire Alarm System

.1.4 Addr essabl e Control Modul e

The control nodul e shall be capable of operating as a relay (dry contact formC) for interfacing ofthe contro
panel with other systens inclding appliances;—anrdto—control—door—helders. orinitiate elevator fire service—
The nodul e shall be UL |isted as conpatible with the control panel. The indicating device or the external |oad
being controlled shall be configured as a Style Y notification appliance circuits. The systemshall be capable
of supervisings- all audible, visual and dry contact circuits. The control nodul e shall have both an input and
out put address. The supervision shall detect a short on the supervised circuit and shall prevent power from
being applied to the circuit. The control nodul eet shall provide address setting means conpatible with the
control panel's SLC supervision and store an internal |dent|fy|ng code. The control nodule shall contain an

|ntegral LED that flashes each tine the control nDduIe is poIIed ——%ExksL+ng—#k#e—aLa##%sys%e#%nepkﬁkeaLFQH—

.1.5 Addressable Initiating Device Circuits Mdul e

The initiating device being nonitored shall be configured as a [Style C} [Styte-Bl—-initiating device circuits.
The system shael| be capabl e of defining any npdule as an alarm npdul e and report alarmtrouble, |oss of
polling, or as a supervisory nodul e to—and reporting supervisory short, supervisory open or |oss of polling
The nodul e shall be UL |isted as conpatible with the control panel. The nonitor nodul e shall provide address
setting neans conpatible with the control panel's SLC supervision and store an internal identifying code
Moni t or nodul e shall contain an integral LED that flashes each tine the nonitor nodule is polled. Pul
stations with a nonitor nodule in a comon backbox are not reqU|red to have an LED. [Existingfirealarm-

.2 STORAGE BATTERI ES

Storage batteries shall be provided and shall be 24 Vdc seal ed, |ead-calciumtype requiring no additiona

water. The batteries shall have anple capacity, with primary power disconnected, to operate the fire alarm
systemfor a period of 72 hours. Following this period of battery operation, the batteries shall have anple
capacity to operate all conponents of the system including all alarmsignaling devices in the total al arm node
for a minimmperiod of 15 minutes. Batteries shall be |located fat the bottomof the panel or} Lin a separate
battery cabinet}. Batteries shall be provided with overcurrent protection in accordance with NFPA 72. Separate
battery cabinets shall have a | ockable, hinged cover simlar to the fire alarm panel. The |lock shall be keyed
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the sane as the fire alarmcontrol panel. Cabinets shall be painted to match the fire alarm control panel

.3 BATTERY CHARGER

Battery charger shall be conpletely automatic, 24 Vdc with high/low charging rate, capable of restoring the
batteries fromfull discharge (18 Volts dc) to full charge within 48 hours. Charger shall have a switch and Aa
pilot l|ight indicating whenbatteries—aremanually—placed-on—-a high rate charging when switch is manually

placed on H|gh Char ge Rat eef—charge—shall—be provided as part of the enetcharger assenbl y. —-—ahighrate—
Charger shall be located in control panel cabinet or in a separate battery cabi net al ong

with batteries.

.4 ADDRESSABLE MANUAL FI RE ALARM STATI ONS

Addr essabl e manual fire alarmstations shall conformto the applicable requirements of UL 38. Manual stations
shal | be connected into signal line circuits. Stations shall be installed on Psurface} fsem—flush] [flush]
nount ed outl et boxes. Manual stations shall be nmounted at 1220} 34370} fF— } mm Stations shall be [single
}fdouble} action type. Stations shall be finished in red, with ra|sed | etter operating instructions of
contrasting color. Stations requiring the breaking of glass or plastic panels for operation are not acceptable
Stations enploying glass rods [are}fare not} acceptable. The use of a key or wrench shall be required to
reset the station. Gavity or nercury switches are not acceptable. Sw tches and contacts shall be rated for
the voltage and current upon which they operate. Addressable pull stations shall be capable of being field
programed, shall |atch upon operation and remain latched until manually reset. Stations shall have a separate
screw term nal for each conductor. Surface nounted boxes shall be matched and painted the sane color as the |

fire al arm nmanual st ati ons}—|{+weunting—surfacel.

.5 FI RE DETECTI NG DEVI CES

Fire detecting devices shall conply with the applicable requirements of NFPA 72, NFPA 90A, UL 268, UL 268A, and
UL 521. The detectors shall be provided as indicated. Detector base shall have screw term nals for making
connections. No solder connections will be allowed. Detectors shall be |located to provi de best coverage

wi t hout nui sance al arm near locatedinconcealedtocations{above—ceiling and—+raisedfloors—ete— shall have
a renote visible indicator LED/LCD. Addressable fire detecting devices, except flame detectors, shall be
dynam cal | y supervised and uniquely identified in the control panel. Al fire alarminitiating devices shal

be individually addressabl e, except where indicated. —tnstalled-devicesshall—conformto NFRPA 70 hazard—
classificationof the areawhere devicesare to be installed—

51 Heat Detectors

Heat detectors shall be designed for detection of fire by £L+*ed—teﬁpe#atu#e}—%conb|nat|on fixed tenperature
and rate-of-rise principle. }—%#ate~eeHpensat+ng—p#+ne+pLe}f— Heat detector spaC|ng shal | be rated |n
accordance mnth UL 521. Det ect ors Iocated in areas subject to nD|sture

, A shal | be types approved for such
Iocat|ons Fbat detectors Iocated in attic spaces or S|n1Iar concealed spaces bel ow the roof shall be
i nternedi ate tenperature rated.

5.1.1 Conbi nation Fi xed- Tenperature and Rate-of-Rise Detectors

Detectors shall be designed for [surface or} fsem -flush} outlet box mounting and supported i ndependentl|y of
Wi ring connections. Contacts shall be self-resetting after response to rate-of-rise principle Under fi xed
tenperature actuat|on the detector shal | have a pernmanent external i ndi cation which is read|Iy VISIb|e

9ee#aLe—9n—L+*ed—Le#pe#atu#e—e#eneep#e—en#yf The UL 521 test ratlng for the f|xed tenperature port|on shaII be
H-57. 2F——} degrees C. }fas—shownJ} The UL 521 test rating for the Rate-of-Rise detectors shall be rated

2

2

5.2 Snoke Det ectors

Snmoke detectors shall be designed for detection of abnormal snoke densities. Snobke detectors shall be |

i oni zation_or} fphotoel ectric} for} fprojected bean} type. Detectors shall contain a visible indicator
LED/ LCD that shows when the unit is in alarmcondition. Detectors shall not be adversely affected by vibration
or pressure. Detectors shall be the plug-in type in which the detector base contains term nals for making

Wi ring connections. Detectors that are to be installed in conceal ed (above false ceilings, etc.) locations
shal|l be provided with a renpote indicator LED/LCD suitable for nounting in a finished, visible |ocation

5.2.1 | oni zati on Detectors

| oni zation detectors with a dual chanber shall be responsive to both invisible and visible particles of
conbustion. One chanber shall be a reference chanber and the second a sanpling chanmber. Detectors containing
radi um shall not be provided. Detectors shall not cause an alarmcondition due to anticipated fluctuations in
relative humdity. The sensitivity of the detector shall be field adjustable to conpensate for operating
conditions. Detector shall require no replacenent or readjustment to restore it to normal operation after an
alarm condition. Each detector shall be capable of withstanding ambient air velocity up to F1.5—4F—}

neters per second in accordance with UL 268. Addressable snoke detectors shall be capabl e of having the
sensitivity being renotely adjusted by the control panel

.5.2.2 Phot oel ectric Detectors

Detectors shall operate on a |light scattering concept using an LED |ight source. Failure of the LED shall not
cause an alarmcondition. Detectors shall be factory set for sensitivity and shall require no field
adjustnents of any kind. Detectors shall have an obscuration rating in accordance with UL 268. Addressable
snoke detectors shall be capable of having the sensitivity being renotely adjusted by the control panel

.5.2.3 Proj ect ed Beam Snoke Detectors

Detectors shall be designed for detection of abnormal snpbke densities. Detectors shall consist of separate
transmitter and receiver units. The transmitter unit shall emit an infrared beamto the receiver unit. Wen

the signal at the receiver falls below a preset sensitivity, the detector shall initiate an alarm The
recei ver shall contain an LED which is powered upon an alarmcondition. Long-term changes to the received
signal caused by environmental variations shall be automatically conpensated. Detectors shall incorporate

features to assure that they are operational; a trouble signal shall be initiated if the beamis obstructed
the limts of the conpensation circuit are reached, or the housing cover is renpbved. Detectors shall have
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nmultiple sensitivity settings in order to neet UL listings for the different distances covered by the beam In
the event of beaminterference for nore than three seconds a trouble alarmshall be transmtted

.5.2. 4 Duct Detectors

Duct - nount ed photoel ectric snoke detectors shall be furnished and installed where indicated and in accordance
wi th NFPA 90A. Units shall consist of a snmoke detector as specified in paragraph Photoelectric Detectors,
nounted in a special housing fitted with duct sanpling tubes. Detector circuitry shall be nounted in a
nmetallic enclosure exterior to the duct. Detectors shall have a nanual reset. Detectors shall be rated for
air velocities that include air flows between [2.5 and 20— }—and{—— H m's. Detectors shall be
powered fromthe fire alarmpanel. Sanpling tubes shall run the full width of the duct. The duct detector
package shall conformto the requirenents of NFPA 90A, UL 268A, and shall be UL listed for use in air-handling
systems. The control functions, operation, reset, and bypass shall be controlled fromthe fire alarmcontro
panel. Lights to indicate the operation and alarmcondition; and the test and reset buttons shall be visible
and accessible with the unit installed and the cover in place. Detectors nounted above 1.83 m and those
nounted below 1.83 m that cannot be easily accessed while standing on the floor, shall be provided with a
renote detector indicator panel containing test and reset switches. Renpte |anps and switches as well as the
affected fan units shall be properly identified in etched plastic placards. Detectors shall have auxiliary
contacts to provide control, interlock, and shutdown functions specified in Section 15950 HEATI NG VENTI LATI NG
AND Al R CONDI TI ONI NG (HVAC) CONTROL SYSTEMS. The detectors shall be supplied by the fire alarm system

manuf acturer to ensure conplete system conpatibility.

.5.3 Conbi nati on Snmoke and Heat Detectors

Conbi nati on snoke and heat detectors shall have an audi bl e device (sel f-contained) and be designed for

det ection of abnornmal snoke densities by the photoelectric principle and abnornmal heat by a fixed tenperature
sensor. Snoke detectors shall be provided with an LED light source. Failure of the LED shall not cause an
alarm condition and the sensitivity shall be factory set at a nom nal [ 3} f———} percent and require no field
adjustnments of any kind. Heat detector portion shall be fixed tenperature sensor rated at 57 degrees C. The
audi bl e appliances shall have a m ni mum sound out put of at |east [85}—f——} dBA at 3.05 m Detectors shal
contain a visible indicator LED that shows when the unit is in alarmcondition. Detectors shall not be
adversely affected by vibration or pressure. Heat detectors shall connect to a control panel [SLCG—-BCEL and
shal | be [nen-restorablelfself restorable} type only after a tinme delay and positive delivery of signal to

control panel. -~

2

6 AUDI O VI SUAL NOTI FI CATI ON APPLI ANCES

Notification appliances in this project shall be 85 dBA sound-|evel conbination Strobe\Horn conbi nati on and | ow
dBA sound | evel Strobe\Bell or Strobe\Chine conbination at different |ocations as |isted below & el se where
and as shown on the draw ngs..

Conbi nati on audi bl e/vi sual notification appliances shall provide the same requirements as individual units
except they shall mount as a unit in standard backboxes. Units shall be factory assenbl ed. Any other audible
notification appliance enployed in the fire alarm systens shall be approved by the Contracting Oficer.

T AUDI BLE NOTI FI CATI ON APPLI ANCES

Audi bl e appliances shall conformto the applicable requirenents of UL 464. These dBevices shall be only
connected into notification appliance circuits. Devices shall have a separate screw termnal for each
conduct or. Audi bl e appliances shall generate a unique audible sound (distinct fromother devices provided in
the building and surrounding area for other purposes). Surface nounted audi bl e appliances shall be painted [

redk—pwhitel—f——}. Recessed audi ble appliances shall be installed with a grill that is painted [+ed}lfwhite

}FH———3 or fwith a factory finish to match the surface to which it is nountec.

7.1 Alarm Bells And Chi neseH-s

Bel | s and Chi neseH-s shall be surface nounted or ceiling nounted with the matchi ng nmounti ng back box [surface—
mountedas shown} freecessed}. Bells and chi neseHs— shall be suitable for.use in an electrically supervised

circuit. Bells and chimeseHs shall be the—underdometype produceihrg—a—mrrm- a Low Level dBA out put
appropriate for the specific |ocation. i : i i

.7.2 Al ar m Hor ns

Horns shall be surface nounted, with the natching nounting back box fsurfacemwountedl frecessed} with Hfssingle

or} fdoubl e} projector,} fgrille and} vibrating type suitable for use in an electrically supervised circuit.
Horns shall produce a sound rating of at |east [85}fF———} dBA at 3.05 n (10 feet). Horns used in exterior

| ocations shall be specifically |isted or approved for outdoor use ( 90 dBA at 10 feet) and be provided wth
net al housing and protective grilles.
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2.7.3 Vi sual Notification Appliances

Vi sual notification appliances shall conformto the applicable requirenents of UL 1971 and the contract

drawi ngs. Appliances shall have clear high intensity optic |lens, xenon flash tubes, and output white |ight.
Strobe flash rate shall be between 1 to 3 flashes per second and a mi ni num of 175 candela. Strobe shall be |
surface} or fsem -flush} nount ed

2.7.4 Voi ce Evacuation System

The voi ce evacuation system shall provide for fone-way}l{twe—way} voi ce conmuni cati ons, routing and
pre-anplification of digital alarmtones and voice (digital and anal og) nessages. The system shall be zoned
for messages (Custom and prerecorded) and tones as indicated on the drawings. The follow ng el ectronic tones
shal|l be available fromthe anplifier: Slow Woop, Hi gh/Low, Horn, Chine, Beep, Stutter, Wail and Bell. The
system shal| have a mnicrophone, integrated with intercomsystem (Refer Spec 16721A) toand all ow for genera
paging within the space. Operation shall be either nmanually froma control switchlocated in Com Center.er—

auvtomatically fromthe fire alarmecontrolpanel~ Reset shall be acconplished by the fire alarmcontrol pane

during panel reset.

2.8 FI RE DETECTI ON AND ALARM SYSTEM PERI PHERAL EQUI PMENT

2.8.1 Condui t
Conduit and fittings shall conply with NFPA 70, UL 6, UL 1242, and UL 797
2.8.2 Wring

Wring shall conformto NFPA 70. Wring for 120 Vac power shall be No. 12 AWG m nimum The SLC wiring shal

be [fiber—oepticlfor} Fcopper} cable in accordance with the manufacturers requirements. Wring for fire alarm
dc circuits shall be No. [26}f14} AWG minimum Vol tages shall not be m xed in any junction box, housing, or
devi ce, except those containing power supplies and control relays. Wring shall conformto NFPA 70. System
field wiring shall be solid copper and installed in netallic conduit or electrical metallic tubing, except that
rigid plastic conduit may be used under sl ab-on-grade. Conductors shall be col or coded. Conductors used for
the sane functions shall be simlarly color coded. Wring code color shall remain uniformthroughout the
circuit. Pigtail or T-tap connections to initiating device circuits, supervisory alarmcircuits, and
notification appliance circuits are prohibited. T-tapping using screw termnal blocks is allowed for style 5
addr essabl e systens.

2.8.3 Speci al Tools and Spare Parts

Software, connecting cables and proprietary equi pnent, necessary for the nmintenance, testing, and
reprogranmm ng of the equi pnent shall be furnished to the Contracting Officer. Two spare fuses of each type and
size required shall be furnished. Two percent of the total nunber of each different type of detector, but no

| ess than two each, shall be furnished. Spare fuses shall be nounted in the fire al arm panel
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1 | NSTALLATI ON

Al work shall be installed as shown and in accordance with the manufacturer's diagrans and reconmendati ons,
unl ess otherw se specified. Snpke detectors shall not be installed until construction is essentially conplete
and the building has been thoroughly cl eaned

1.1 Power Supply for the System
A single dedicated circuit connection for supplying power froma branch circuit to each-building fire alarm

system shal |l be provided. The power shall be supplied as shown on the drawi ngs. The power supply shal | be
equi pped with a | ocki ng nechani smand marked in red with the words "FI RE ALARM Cl RCUI T CONTROL"

1.2 Wring

Conduit size for wiring shall be in accordance with NFPA 70.— Wring for the fire alarmsystem shall not be
installed in conduits, junction boxes, or outlet boxes with conductors of lighting and power systens. Not nore
than two conductors shall be installed under any device screw termnal. The wires under the screw termnna
shal | be straight when placed under the term nal then clanped in place under the screwtermnal. The wires
shal | be broken and not twi sted around the terminal. Circuit conductors entering or |eaving any nounting box,

outl et box enclosure, or cabinet shall be connected to screwtermnals with each term nal and conductor narked
in accordance with the wiring diagram Connections and splices shall be nmade using screw term nal blocks. The
use of wire nut type connectors in the systemis prohibited. Wring within any control equi pnment shall be
readily accessible without renoving any conponent parts. The fire al arm equi prent manufacturer's
representative shall be present for the connection of wiring to the control panel

.1.3 Control Panels

The control panels and its assorted conponents shall be nmounted so that no part of the enclosing cabinet is

| ess than 300 mm nor nore than 2000 nm above the finished floor. Manually operable controls shall be between
900-and-1100 M to 1525mm —above the finished floor unless noted otherwi se. Panel shall be installed to conply
with the requirements of UL 864.

. 1.4 Det ectors

Detectors shall be located and installed in accordance with NFPA 72. Detectors shall be connected into signa
line circuits or initiating device circuits as per NFPA indicated-onthe drawings— Detectors shall be at |east
300 mm fromany part of any lighting fixture. Detectors shall be located at least 900 mm fromdiffusers of
air handling systems. Each detector shall be provided with appropriate nmounting hardware as required by its
nounting location. Detectors which nount in open space shall be nobunted directly to the end of the stubbed
down rigid conduit drop. Conduit drops shall be firmy secured to m nimze detector sway. Were |ength of
condui t drop fromceiling or wall surface exceeds 900 nm sway bracing shall be provided. Detectors
installed in conceal ed | ocati ons (above ceiling—+raisedfloors—ete-) shall have a renote visible indicator

LED/LCD Fin a finished, visible |location.}fasindicated|—1-—

.1.5 Noti fication Appliances

Notification appliances shall be nounted 24380063 nm— above the finished floor or 150 mm— bel ow the ceiling
whi chever is | ower.

.1.6 Annunci at or Equi prent

Annunci at or eguiprent—shal |l be | ocated in Com Cent er mounted—whereas indi cated on the draw ngs.

1.7 Addressable Initiating Device Circuits Mdul e

The initiating device circuits nodule shall be used to connect supervised conventional initiating devices
(water flow switches, water pressure switches, manual fire alarmstations, high/low air pressure swtches, and
tanper switches). The nodule shall nobunt in an electrical box adjacent to or connected to the device it is
noni toring and shall be capable of Style B supervised wiring to the initiating device. |In order to maintain
proper supervision, there shall be no T-taps allowed on style B lines. Addressable initiating device circuits
nodul es shall monitor only one initiating device each. Contacts in suppression systens and other fire
protection subsystenms shall be connected to the fire alarmsystemto perform supervisory and al arm functions as

specified in [Sectlon P13930 VET PIPE SPRI NKLER SYSTEM FI RE PROTECTICN}—P%3935—DR¥—PLPE—SPRLNKEER—S¥SIENL—FLRE—
9 vsS NFPA 72}, as indicated on

t he draw ngs and as speC|f|ed here|n
1.8 Addr essabl e Control Mbdul e
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Addr essabl e and control nodul es shall be |nstalled |n t he outlet box or adjacent to the devi ce they are
ControII|ng ;

v : i nterconnecting wres
shal | be superV|sed unl ess an open circuit or short C|rCU|t abnornal condition does not affect the required
operation of the fire alarmsystem |If control nodules are used as interfaces to other systens, such as HVAC
or—elevator—control, thesey shall be within the control panel or imediately adjacent to it. Control nodul es
that control a group of notification appliances shall be adjacent to the first notification appliance in the
notification appliance circuits. Al control nodules installation shall conply with NFPA. Control nodul es

that connect to deV|Ces shaII superV|se t he not|f|cat|on appllance circuits. ——ébht#ot—hodetes—that—eonneet—to—

Contacts in suppreSS|on systens and other f|re
protection subsystems shall be connected to the fire alarmsystemto performrequired alarmfunctions as

specified in [Sectlon P13930 VET PIPE SPRI NKLER SYSTEM FI RE PROTECTICN}—P%3935—DR¥—PLPE—SPRLNKEER—S¥SIENL—FLRE—
vsS NFPA 72}, as indicated on

t he draw ngs and as speC|f|ed here|n
2 OVERVOLTAGE AND SURGE PROTECTI ON
2.1 Power Line Surge Protection

Al'l equi pnment connected to alternating current circuits shall be protected from surges per |EEE C62.41 B3
conbi nati on waveform and NFPA 70. Fuses shall not be used for surge protection. The surge protector shall be
rated for a maximumlet thru voltage of 350 Volts ac (line-to-neutral) and 350 Volt ac (neutral-to-ground).

2.2 Low Voltage DC Circuits Surge Protection

Al H DG—H-PBG- and NAC, and communi cati on cabl es/ conduct or s}-—except—fi-ber—opties, shall have surge protection
installed at each point where it exits or enters a building. Equipnent shall be protected from surges per |EEE
C62. 41 B3 conbi nati on waveform and NFPA 70. The surge protector shall be rated to protect the 24 Volt dc
equi pnment. The maxi mum dc cl anpi ng vol tages shall be 36 V (line-to-ground) and 72 Volt dc (line-to-line).

2.3 Signal Line Circuit Surge Protection

Al'l SLC cabl es/ conduct or s,—except—fiber—opties shall have surge protection/isolation circuits installed at
each point where it exits or enters a building. The circuit shall be protected from surges per | EEE C62.41 B3
conbi nati on waveform and NFPA 70. The surge protector/isolator shall be rated to protect the equi pnent.

3 GROUNDI NG

Groundi ng shall be provided by connecting to building ground system

4 TESTI NG

The Contractor shall notify the Contracting Oficer at |east 10 days before the prelimnary and acceptance
tests are to be conducted. The tests shall be perforned in accordance with the approved test procedures in the
presence of the Contracting O ficer. The control panel manufacturer's representative shall be present to
supervise tests. The Contractor shall furnish instrunents and personnel required for the tests.

4.1 Prelimnary Tests

Upon conpl etion of the installation, the systemshall be subjected to functional and operational performance
tests including tests of each installed initiating and notification appliance, when required. Tests shal

i ncl ude the neggering of system conductors to determine that the systemis free fromgrounded, shorted, or open
circuits. The negger test shall be conducted prior to the installation of fire alarm equiprment. |If
deficiencies are found, corrections shall be nmade and the systemshall be retested to assure that it is
functional. After conpleting the prelimnary testing the Contractor shall conplete and submt the NFPA 72
Certificate of Conpletion.

.4.2 Accept ance Test

Acceptance testing shall not be perfornmed until the Contractor has conpleted and submtted the Certificate of
Conpl etion. Testing shall be in accordance with NFPA 72. The recommended tests in NFPA 72 shall be consi dered
mandat ory and shall verify that previous deficiencies have been corrected. The Contractor shall conplete and
submt the NFPA 72, Inspection and Testing Form The test shall include all requirements of NFPA 72 and the
fol | owi ng:

a. Test of each function at Eachef—the control panel

b. Test of each circuit in both trouble and nornal nodes.

c. Tests of each alarminitiating devices in both normal and trouble conditions.

d. Tests of each control circuit and device

e. Tests of each alarmnotification appliance

f. Tests of the battery charger and batteries.

g. Conplete operational tests under energency power supply.

SECTI ON 13851A Page 11 Encl. 1 to Anend. 0003
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3

h. Visual inspection of wiring connections.

i. Opening the circuit at each alarminitiating device and notification appliance to test the wiring
supervisory feature

j. Gound fault
k. Short circuit faults
I. Stray voltage
m Loop resistance
5  TRAI NI NG

Trai ning course shall be provided for the operations and nmmi ntenance staff. The course shall be conducted in
the building where the systemis installed and\or as designated and defined by the Contracting Oficer. The

training period for systems operation shall consist of 2 to 34} f——} training days (8 hours per day) and

shall start after the systemis functionally conpleted but prior to final acceptance tests. The training
peri od for systens mai ntenance shall consist of F2f——7} training days (8 hours per day) and shall start
after the systemis functionally conpleted but prior to final acceptance tests. The instructions shall cover
itenms contained in the operating and mai ntenance instructions. In addition, training shall be provided on
performance of expansions or nodifications to the fire detection and alarm system The training period for
system expansi ons and nodifications shall consist of at |east f1} ——1 training days (8 hours maxper—day)

and shall start after the systemis functionally conpleted but prior to final acceptance tests.

-- End of Section --
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PART 1

GENERAL

1.1 REFERENCES

SECTI ON 16375A

ELECTRI CAL DI STRI BUTI ON SYSTEM UNDERGROUND

The publications listed below forma part of this specification to the extent referenced. The publications are
referred to in the text by basic designation only.

ANSI C1

ANSI C1

ANSI C1

ANSI C2

AMERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI )

2.4

2.10

2.11

9.1

ANSI C37.

ANSI C3

ANSI C3

ANSI C3

ANSI C3

ANSI C5

ANSI C5

ANSI C5

ANSI C5

ANSI C5

ANSI C8

ANSI C1

ANSI C1

ANS| 6.

ASTM A

ASTM A

ASTM A

ASTM A

ASTM B

ASTM B

ASTM B

ASTM B

ASTM B

ASTM B

ASTM B

ASTM B

ASTM B

ASTM C

ASTM C

ASTM D

7.46

7.50

7.72

7.121

7.12.13

7.12.21

7.12.26

7.12.27

7.12.28

0.1

19.1

35. 30

1

(1984; R 1996) Mechani cal Denand Regi sters
(1997) El ectronechani cal Watthour Meters

(1987; R 1993) Instrument Transforners for Revenue Metering, 10 kV BIL through
350 kV BIL (0.6 kV NSV through 69 kV NSV)

(1988; R 1996) Electrical Power Insulators - Test Methods

(2000) Low Vol tage Power Circuit Breakers and AC Power Circuit Protectors -
Preferred Ratings, Related Requirenents, and Applicati on Recormendati ons

(1981; R 1992) Power Fuses and Fuse Di sconnecting Swi tches

(1989; R 1995) Switchgear, Low Voltage AC Power Circuit Breakers Used in
Encl osures - Test Procedures

(1987) Manual | y- Oper at ed Dead- Front, Padnounted Switchgear with

Load- I nterrupting Switches and Separabl e Connectors for Alternating-Current
Syst ens

(1989; R 1995) Switchgear, Unit Substations Requirements

(1982) Conformance Requirenments for Liquid-Filled Transfornmers Used in Unit
Installations, Including Unit Substations

(1995) Requirenents for Pad-Munted, Conpartnental-Type, Self-Cool ed,

Si ngl e- Phase Distribution Transforners with Hi gh-Voltage Bushi ngs;

(Hi gh-Vol tage, 34 500 Gd Y/19 920 Volts and Bel ow; Low Vol tage, 240/120; 167
kVA and Smal | er)

(1993) Pad- Mbunted Conpartnental - Type, Sel f-Cool ed, Three-Phase Distribution
Transforners for Use with Separabl e | nsul ated Hi gh-Vol tage Connectors,

Hi gh- Vol tage, 34 500 Gd Y/19 920 Volts and Bel ow; 2500 kVa and Snal |l er

(1982) Conformance Requirenents for Liquid-Filled Distribution Transforners
Used in Pad-Munted Installations, Including Unit Substations

(1999) Switchgear and Transfornmers - Padnounted Equi pnment - Enclosure Integrity
(1995) Rigid Steel Conduit - Zinc Coated
(1986; R 1997) Seal ed I nsul ated Underground Connector Systens Rated 600 Volts

(1988) Zinc-Coated Ferrous Ground Rods for Overhead or Underground Line
Construction

(1992) Specifications and Di nensions for Wod Pol es

AMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS ( ASTM

48

48M

123/ A 123M
153/ A 153M
3

8

117

231/ B 231M
400

496

609/ B 609M

800

801

478

478M

923

(1994ael) Gray lron Castings

(1994ael) Gray lron Castings (Metric)

(2000) Zinc (Hot-Di p Gal vani zed) Coatings on Iron and Steel Products

(2000) Zinc Coating (Hot-Dip) on Iron and Steel Hardware

(1995) Soft or Anneal ed Copper Wre

(1999) Concentric-Lay-Stranded Copper Conductors, Hard, MediumHard, or Soft
(1997) Operating Salt Spray (Fog) Apparatus

(1999) Concentric-Lay-Stranded Al um num 1350 Conductors

(1994) Conpact Round Concentric-Lay-Stranded Al um num 1350 Conductors
(1999) Conpact Round Concentric-Lay-Stranded Copper Conductors

(1999) Standard Specification for Al um num 1350 Round Wre, Anneal ed and

I nternedi ate Tenpers, for Electrical Purposes

(2000) 8000 Series Alum numAlloy Wre for Electrical Purposes-Anneal ed and
I nternedi ate Tenpers

(1999) Concentric-Lay-Stranded Conductors of 8000 Series Al um num Al loy for
Subsequent Covering or I|nsulation

(1997) Precast Reinforced Concrete Manhol e Sections
(1997) Precast Reinforced Concrete Mahhol e Sections (Metric)

(1997) Sanpling Electrical Insulating Liquids
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ASTM D 1654

ASTM D 2472

ASTM D 4059

AEl C

AEl C

FM P7825a

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

| EEE

NENMA

NENMA

NENMA

NENMA

(1992) Evaluation of Painted or Coated Speci nens Subjected to Corrosive
Envi ronnent s

(2000) Sul fur Hexafl uoride

(1996) Analysis of Polychlorinated Biphenyls in Insulating Liquids by Gas
Chr omat ogr aphy

ASSOC!I ATI ON OF EDI SON | LLUM NATI NG COVPANI ES ( AEI C)

CS5

CS6

(1994; CSba-1995) Cross-Ilinked Pol yethyl ene |Insul ated Shi el ded Power Cabl es
Rated 5 Through 46 kV

(1996) Et hyl ene Propyl ene Rubber |nsul ated Shi el ded Power Cables Rated 5
Through 69 kV

FACTORY MUTUAL ENG NEERI NG AND RESEARCH (FM

(1998) Approval Guide Fire Protection

| NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)

c2

C37.

C37.
C37.
C37.
C37.
C37.

C37.

C37.

C37.

C37.

C37.

C37.

C37.

C37.

C57.

C57.
C57.
C62.

C62.

C62.

Std

Std

Std

Std

Std

Std

Std

Std

13

20.

20.

20.

23

30

34

41

63

90

90.

98

12.

13

98

11

48

81

100

242

386

399

404

592

00

(1997) National Electrical Safety Code

(1994) I EEE Standard Definition, Specification, and Anal ysis of Systens Used
for Supervisory Control, Data Acquisition, and Autonmatic Contro

(1996) Electrical Power System Device Function Nunbers and Contact Designations
(1990; R 1995) Low Voltage AC Power Circuit Breakers Used in Encl osures

(1993) Metal - Encl osed Low Vol tage Power Circuit-Breaker Sw tchgear

(1993; C37.20.2b) Metal-C ad and Station-Type Cubicle Sw tchgear

(1997) Metal -Encl osed Interrupter Swtchgear

(1987; R 1991) CGuide for Metal-Enclosed Bus and Cal cul ating Losses in
| sol at ed- Phase Bus

(1997) Requi rement s for Hi gh-Voltage Swi tches
(1994) Test Code for High-Voltage Air Switches

(1994; C37.41c) Design Tests for High-Voltage Fuses, Distribution Enclosed
Single-Pole Air Switches, Fuse Disconnecting Switches, and Accessories

(1997) Requirenents for Overhead, Pad-Munted, Dry-Vault, and Subnersible
Autormatic Line Sectionalizer for AC Systens

(1989; R 1994) Relays and Relay Systens Associated with Electric Power Apparatus

(1989; R 1994) |EEE Standard Surge Wthstand Capability (SWC) Tests for
Protective Rel ays and Rel ay Systens

(1987; R 1991) Seisnmic Testing of Relays

(1993) | EEE Standard General Requirenents for Liquid-Inmersed Distribution
Power, and Regul ati ng Transforners

(1993) Instrunment Transforners
(1993) Guide for Transformer |Inpulse Tests
(1989; R 1994) Surge Arresters for AC Power Circuits

(1987; R 1994) Guide for the Application of Gapped Silicon-Carbide Surge
Arresters for Alternating Current Systens

(1999) | EEE Standard Metal - Oxi de Surge Arresters for AC Power Circuits

(1998) Standard Test Procedures and Requirenents for Alternating-Current Cable
Term nations 2.5 kV through 765 kV

(1983) Guide for Measuring Earth Resistivity, Gound | npedance, and Earth
Surface Potentials of a Ground System (Part 1)

(1997) IEEE Standard Dictionary of Electrical and El ectronics Terns

(1986; R 1991) Recommended Practice for Protection and Coordi nation of
I ndustrial and Commerci al Power Systens

(1995) Separabl e Insul ated Connector Systens for Power Distribution Systens
Above 600V

(1997) Recomended Practice for Industrial and Conmerci al Power Systens
Anal ysi s

(1993) Cable Joints for Use with Extruded Dielectric Cable Rated 5000 V through
138 000 V and Cable Joints for Use with Lam nated Dielectric Cable Rated 2500 V
Through 500 000 V

(1990; R 1996) Exposed Semni conducting Shields on Prenol ded H gh Vol tage Cable
Joints and Separabl e | nsul ated Connectors

NATI ONAL ELECTRI CAL MANUFACTURERS ASSCCI ATl ON ( NEMR)

AB 1

BU 1

FB 1

FU 1

(1993) Mol ded Case Circuit Breakers and Mol ded Case Switches
(1994) Busways

(1993) Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit and Cable
Assenbl i es

(1986) Low Voltage Cartridge Fuses
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NEMA LA 1 (1992) Surge Arresters

NEMA PB 1 (1990) Panel boards

NEMA PB 2 (1995) Deadfront Distribution Switchboards

NEMA SG 2 (1993) High Vol tage Fuses

NEMA SG 3 (1995) Power Switching Equi prrent

NEMA SG 5 (1995) Power Switchgear Assenblies

NEMA TC 5 (1990) Corrugated Polyolefin Coilable Plastic Utilities Duct

NEMA TC 6 (1990) PVC and ABS Plastic Uilities Duct for Underground Installation

NEMA TC 7 (1990) Snoot h-Wal |l Coil abl e Pol yet hyl ene El ectrical Plastic Duct

NEMA WC 7 (1988; Rev 3 1996) Cross-Linked-Thernmosetting-Polyethyl ene- Insulated Wre and

Cable for the Transm ssion and Distribution of Electrical Energy

NEMA VWC 8 (1988; Rev 3; 1996) Ethyl ene-Propyl ene-Rubber-Insulated Wre and Cable for the
Transm ssion and Distribution of Electrical Energy

NATI ONAL FI RE PROTECTI ON ASSOCI ATl ON ( NFPA)
NFPA 70 (1999) National Electrical Code

UNDERWRI TERS LABORATORI ES (UL)

UL 6 (1997) Rigid Metal Conduit

UL 198C (1986; Rev thru Feb 1998) High-Interrupting-Capacity Fuses, Current-Limting
Types

UL 198D (1995) C ass K Fuses

UL 198E (1988; Rev Jul 1988) C ass R Fuses

UL 198H (1988; Rev thru Nov 1993) C ass T Fuses

UL 467 (1993; Rev thru Apr 1999) G oundi ng and Bondi ng Equi prent

UL 486A (1997; Rev thru Dec 1998) Wre Connectors and Sol dering Lugs for Use with
Copper Conductors

UL 486B (1997; Rev Jun 1997) Wre Connectors for Use with Al um num Conductors

UL 489 (1996; Rev thru Dec 1998) Ml ded-Case Circuit Breakers, Ml ded-Case Swi tches,
and Circuit-Breaker Enclosures

UL 510 (1994; Rev thru Apr 1998) Pol yvinyl Chloride, Polyethyl ene and Rubber
I nsul ati ng Tape

UL 514A (1996; Rev Dec 1999) Metallic Qutlet Boxes

UL 651 (1995; Rev thru Oct 1998) Schedule 40 and 80 Rigid PVC Conduit

UL 854 (1996; Rev COct 1999) Service-Entrance Cabl es

UL 857 (1994; Rev thru Dec 1999) Busways and Associated Fittings

UL 1072 (1995; Rev Mar 1998) Medi um Vol tage Power Cabl e

UL 1242 (1996; Rev Mar 1998) Internediate Metal Conduit

UL 1684 (2000) Reinforced Thernpsetting Resin Conduit (RTRC) and Fittings

1.2 GENERAL REQUI REMENTS
1.2.1 Ter m nol ogy
Term nol ogy used in this specification is as defined in |IEEE Std 100.
1.2.2 Servi ce Conditions
Itens provided under this section shall be specifically suitable for the foll owi ng service conditions.

Seismc details shall [conformto Sections 13080 SEI SM C PROTECTI ON FOR M SCELLANEQUS EQUI PMENT and 16070
SElI SM C PROTECTI ON FOR ELECTRI CAL EQUI PMENT] [be as indicated].

a. Altitude 450 feet (137.2 nm
b. Anbient Tenperature O to 120 degrees F

c. Frequency 60 Hertz

d. Seisnic Paraneters 4

1.3 SUBM TTALS
Governnent approval is required for subnmittals with a "G' designation; subnmittals not having a "G' designation
are for information only. Wen used, a designation following the "G' designation identifies the office that
will review the submttal for the Governnent. The follow ng shall be submtted in accordance with Section 01330
SUBM TTAL PROCEDURES:
SD- 02 Shop Dr awi ngs
El ectrical Distribution System FIO

SECTI ON 16375A Page 5 Encl. 1 to Anend. 0003
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Detail draw ngs consisting of equi pnent drawi ngs, illustrations, schedules, instructions, diagrans
manuf acturers standard installation drawi ngs and ot her informati on necessary to define the
installation and enable the Government to check conformty with the requirenents of the contract
dr awi ngs.

I f departures fromthe contract drawi ngs are deened necessary by the Contractor, conplete details of
such departures shall be included with the detail draw ngs. Approved departures shall be nmade at no
additional cost to the Governnent.

Detail drawi ngs shall show how conponents are assenbl ed, function together and how they will be
installed on the project. Data and draw ngs for conponent parts of an itemor systemshall be
coordi nated and subnmitted as a unit. Data and draw ngs shall be coordinated and included in a single
subm ssion. Miltiple subm ssions for the same equi pnent or system are not acceptabl e except where

prior approval has been obtained fromthe Contracting Officer. In such cases, a list of data to be
submtted later shall be included with the first subm ssion. Detail draw ngs shall consist of the
fol | owi ng:

a. Detail drawi ngs show ng physical arrangenent, construction details, connections, finishes,
materials used in fabrication, provisions for conduit or busway entrance, access requirenents for
installation and mai ntenance, physical size, electrical characteristics, foundation and support
details, and equi pment weight. Draw ngs shall be drawn to scal e and/ or di nensioned. All optiona
itenms shall be clearly identified as included or excluded

b. Internal wiring diagrans of equipnent showing wiring as actually provided for this project.
External wiring connections shall be clearly identified

Detail drawi ngs shall as a m ninmum depict the installation of the follow ng itens:
a. Mediumvoltage cables and accessories including cable installation plan

b. Transforners.

c. Fuel tank nounted generator

d. Swi tchboard.

e. Surge arresters.
As-Built Draw ngs; FIO

The as-built drawi ngs shall be a record of the construction as installed. The draw ngs shal
i nclude the informati on shown on the contract drawi ngs as well as deviations, nodifications, and
changes fromthe contract draw ngs, however minor. The as-built drawi ngs shall be a full sized set of
prints marked to reflect deviations, nodifications, and changes. The as-built draw ngs shall be
conpl ete and show the | ocation, size, dinmensions, part identification, and other information
Addi ti onal sheets nay be added. The as-built draw ngs shall be jointly inspected for accuracy and
conpl eteness by the Contractor's quality control representative and by the Contracting O ficer prior
to the subm ssion of each nonthly pay estinmate. Upon conpletion of the work, the Contractor shal
provide three full sized sets of the marked prints to the Contracting O ficer for approval. |f upon
review, the as-built drawings are found to contain errors and/or om ssions, they will be returned to
the Contractor for correction. The Contractor shall correct and return the as-built drawings to the
Contracting Oficer for approval within 10 cal endar days fromthe tine the drawings are returned to
t he Contractor

SD- 03 Product Data

Nanmepl ates; FI O

Catal og cuts, brochures, circulars, specifications, product data, and printed information in
sufficient detail and scope to verify conpliance with the requirenents of the contract docunents.

Mat eri al and Equi pment; FIO

A conplete item zed |isting of equi pnment and materials proposed for incorporation into the work.
Each entry shall include an item nunber, the quantity of itens proposed, and the name of the
manuf acturer of each such item

General Installation Requirenents; FIO

As a minimum installation procedures for transforners, generators, sw tchboards, and nmedi um vol tage
cable term nations and splices.

Procedures shall include cable pulling plans, diagrans, instructions, and precautions required to
install, adjust, calibrate, and test the devices and equi pnent.

SD-06 Test Reports

Factory Tests; FIO

Certified factory test reports shall be submtted when the manufacturer perforns routine factory
tests, including tests required by standards listed in paragraph REFERENCES. Results of factory tests
perfornmed shall be certified by the manufacturer, or an approved testing |aboratory, and subnitted
within 7 days follow ng successful conpletion of the tests. The manufacturer's pass-fail criteria for
tests specified in paragraph FIELD TESTING shall be incl uded
Field Testing; GA

A proposed field test plan, 30 days prior to testing the installed system No field test shall be
perfornmed until the test plan is approved. The test plan shall consist of conplete field test
procedures including tests to be performed, test equiprment required, and tolerance linmts.
Operating Tests; FIO

Three copies of the information described belowin 215.9 by 279.4 nm (8-1/2 by 11 inch) binders
having a m nimum of three rings, including a separate section for each test. Sections shall be
separated by heavy plastic dividers with tabs.

a. A list of equipnent used, with calibration certifications.

b. A copy of measurenents taken

c. The dates of testing.
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d. The equi pment and val ues to be verifi ed.
e. The condition specified for the test.
f. The test results, signed and dated
g. A description of adjustnments made.
Cable Installation; FIO

Three copies of the information described belowin 215.9 by 279.4 nm (8-1/2 by 11 inch) binders
having a m ni mum of three rings fromwhich material may readily be renmoved and repl aced, including a
separate section for each cable pull. Sections shall be separated by heavy plastic dividers with
tabs, with all data sheets signed and dated by the person supervising the pull

a. Site layout drawing with cable pulls nunerically identified

b. A list of equipnent used, with calibration certifications. The manufacturer and quantity of
| ubricant used on pull

c. The cable manufacturer and type of cable
d. The dates of cable pulls, tinme of day, and anmbient tenperature
e. The length of cable pull and cal culated cable pulling tensions.
f. The actual cable pulling tensions encountered during pull
SD-07 Certificates
Mat eri al and Equi pment; FIO

Where materials or equiprment are specified to conformto the standards of the Underwiters
Laboratories (UL) or to be constructed or tested, or both, in accordance with the standards of the
American National Standards Institute (ANSI), the Institute of Electrical and El ectronics Engineers
(IEEE), or the National Electrical Manufacturers Association (NEMA), the Contractor shall submt proof
that the itens provided conformto such requirenents. The |abel of, or listing by, UL will be
acceptabl e as evidence that the itens conform Either a certification or a published catal og
specification data statement, to the effect that the itemis in accordance with the referenced ANSI or
| EEE standard, will be acceptable as evidence that the itemconforns. A simlar certification or
publ i shed catal og specification data statenent to the effect that the itemis in accordance with the
ref erenced NEMA standard, by a conpany listed as a nenber conpany of NEMA, will be acceptable as
evi dence that the itemconforns. In lieu of such certification or published data, the Contractor may
submt a certificate froma recogni zed testing agency equi pped and conpetent to perform such services,
stating that the items have been tested and that they conformto the requirenents |listed, including
net hods of testing of the specified agencies. Conpliance with above-naned requirenents does not
relieve the Contractor fromconpliance with any other requirenents of the specifications.

Cable Installer Qualifications; GA

The Contractor shall provide at |east one onsite person in a supervisory position with a docunentable
| evel of conpetency and experience to supervise all cable pulling operations. A resune shall be
provi ded showi ng the cable installers' experience in the |ast three years, including a list of
references conplete with points of contact, addresses and tel ephone nunbers.

SD- 10 Operation and Mai ntenance Data
El ectrical Distribution System FIO

Si x copi es of operation and nai ntenance nmanuals, within 7 cal endar days foll owi ng the conpletion of
tests and including assenbly, installation, operation and mai ntenance instructions, spare parts data
whi ch provides supplier name, current cost, catal og order nunber, and a recommended |ist of spare
parts to be stocked. Manuals shall also include data outlining detailed procedures for system startup
and operation, and a troubl eshooting guide which |ists possible operational problens and corrective
action to be taken. A brief description of all equipnment, basic operating features, and routine
mai nt enance requirements shall also be included. Docurments shall be bound in a binder marked or
identified on the spine and front cover. A table of contents page shall be included and marked with

pertinent contract information and contents of the manual. Tabs shall be provided to separate
di fferent types of docunents, such as catal og ordering information, draw ngs, instructions, and spare
parts data. |ndex sheets shall be provided for each section of the manual when warranted by the

quantity of documents included under separate tabs or dividers

Three additional copies of the instructions manual shall be provided within 30 cal endar days
foll owi ng the manual s.

1.4 DELI VERY, STORAGE, AND HANDLI NG

Devi ces and equi pnent shall be visually inspected by the Contractor when received and prior to acceptance from
conveyance. Stored itenms shall be protected fromthe environnent in accordance with the nmanufacturer's
published instructions. Danmaged itens shall be replaced. O filled transfornmers and sw tches shall be stored
in accordance with the manufacturer's requirenents. Metal poles shall be handled and stored in accordance with
the manufacturer's instructions.

1.5 EXTRA MATERI ALS

One additional spare fuse or fuse elenent for each furnished fuse or fuse el enent shall be delivered to the
contracting officer when the electrical systemis accepted. Two conplete sets of all special tools required
for mai ntenance shall be provided, conplete with a suitable tool box. Special tools are those that only the
manuf acturer provides, for special purposes (to access conpartnents, or operate, adjust, or maintain specia
parts).

PART 2 PRODUCTS

2.1 STANDARD PRODUCT
Mat eri al and equi pnment shall be the standard product of a manufacturer regularly engaged in the manufacture of
the product and shall essentially duplicate itens that have been in satisfactory use for at |least 2 years prior
to bid opening. Items of the sane classification shall be identical including equipnment, assenblies, parts,
and conponents.

2.2 NAMEPLATES

2.2.1 Cener a
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Each maj or conponent of this specification shall have the manufacturer's nane, address, type or style, nodel or
serial nunber, and catal og nunber on a nanepl ate securely attached to the equi pnent. Nanepl ates shall be nade
of noncorrosive nmetal. Equipnent containing liquid dielectrics shall have the type of dielectric on the
naneplate. As a m ninmum naneplates shall be provided for transforners, generator, meters, swtches, and
swi t chboard

2.2.2 Liquid-Filled Transfornmer Nanmepl ates
Power transformers shall be provided with nameplate information in accordance with | EEE C57.12.00. Nanepl ates
shal |l indicate the nunber of liters and conposition of liquid-dielectric, and shall be permanently marked wth
a statenent that the transforner dielectric to be supplied is non-polychlorinated bi phenyl. |f transforner
naneplate is not so marked, the Contractor shall furnish manufacturer's certification for each transforner that
the dielectric is non-PCB classified, with | ess than 2 ppm PCB content in accordance with paragraph LI QU D
DI ELECTRICS. Certifications shall be related to serial nunbers on transfornmer naneplates. Transforner
di el ectric exceeding the 2 ppm PCB content or transforners without certification will be considered as PCB
insulated and will not be accepted

2.3 CORROSI ON PROTECTI ON

2.3.1 Al umi num Materials
Al um num shal |l not be used

2.3.2 Ferrous Metal Materials

2.3.2.1 Har dwar e
Ferrous netal hardware shall be hot-dip gal vanized in accordance with ASTM A 153/ A 153M and ASTM A 123/ A 123M

2.3.2.2 Equi pnent
Equi pnent and conponent itens, including but not limted to transfornmer stations and ferrous netal lumnaries
not hot-di p gal vani zed or porcelain enanmel finished, shall be provided with corrosion-resistant finishes which
shal|l withstand 120 hours of exposure to the salt spray test specified in ASTM B 117 wi thout |oss of paint or
rel ease of adhesion of the paint prinmer coat to the netal surface in excess of 1.6 mm (1/16 inch) fromthe test
mark. The scribed test mark and test evaluation shall be in accordance with ASTM D 1654 with a rating of not
Il ess than 7 in accordance with TABLE 1, (procedure A). Cut edges or otherw se damaged surfaces of hot-dip
gal vani zed sheet steel or m |l gal vani zed sheet steel shall be coated with a zinc rich paint confornmng to the
manuf acturer's standard.

2.3.3 Fi ni shi ng

Pai nting required for surfaces not otherw se specified and finish painting of itens only prined at the factory
shal |l be as specified in Section 09900 PAI NTI NG GENERAL

2.4  CABLES

Cabl es shall be single conductor type unless otherw se indicated
2.4.1 Medi um Vol t age Cabl es
2.4.1.1 Gener a

Cabl e construction shall be Type MV, conformng to NFPA 70 and UL 1072 Cabl es shall be manufactured for use
in duct applications as indicated

2.4.1.2 Rat i ngs
Cabl es shall be rated for a circuit voltage of 15 kV as indicated
2.4.1.3 Conductor Materia

Under ground cabl es shall be soft drawn copper conplying with ASTM B 3 and ASTM B 8 for regular concentric and
conpressed stranding or ASTM B 496 for conpact stranding

2.4.1.4 I nsul ation
Cabl e insulation shall be cross-linked thernmosetting polyethylene (XLP) insulation confornmng to the
requi renents of NEMA WC 7 and AEIC CS5 or ethyl ene-propyl ene-rubber (EPR) insulation conformng to the
requi renents of NEMA WC 8 and AEIC CS6. A 133 percent insulation level shall be used on 15 kV rated cabl es.
Recycl abl e materials (insulation) shall conformto EPA requirenents.

2.4.1.5 Shi el di ng
Cables rated for 2 kV and above shall have a sem conducting conductor shield, a sem conducting insulation
shield, and an overall copper tape shield for each phase. The shield tape shall be sized to neet | EEE C2
requirenents for a ground fault availability of 10,000 anp or nore

2.4.1.6 Neutral s

[ Neutral conductors of shall be copper. enploying the sanme insulation and jacket materials as phase conductors,
except that a 600-volt insulation rating is acceptable

2.4.1.7 Jacket s
Cabl es shall be provided with a PVC or pol yethyl ene jacket.
2.4.2 Low Vol t age Cabl es

Cabl es shall be rated 600 volts and shall conformto the requirenents of NFPA 70, and nust be UL listed for the
application or neet the applicable section of either | CEA or NEMA standards.

2.4.2.1 Conductor Materia
Under ground cabl es shal|l be anneal ed copper conplying with ASTM B 3 and ASTM B 8 or Type AA-8000 al um num
conductors conplying with ASTM B 800 and ASTM B 801. Interni xing of copper and al um num conductors is not
perm tted.

2.4.2.2 | nsul ati on

I nsul ation nmust be in accordance with NFPA 70, and nmust be UL listed for the application or neet the applicable
sections of either | CEA, or NEMA standards.

2.4.2.3 Jacket s
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Mul ti conductor cabl es shall have an overall PVC outer jacket.
4.2.4 I n Duct

Cabl es shall be single-conductor cable, in accordance with NFPA 70. Cables in factory-installed
coi | abl e-pl astic-duct assenblies shall conformto NEMA TC 5 or NEMA TC 7

5 CABLE TERM NATI ONS, AND CONNECTORS
5.1 Medi um Vol t age Cabl e Term nati ons

Medi um vol tage cabl e term nations shall conply with | EEE Std 48
5.2 Medi um Vol t age Separabl e | nsul ated Connectors
Separ abl e i nsul ated connectors shall conply with I|EEE Std 386 and | EEE Std 592 and shall be of suitable
construction or standard splice kits shall be used. Separable insulated connectors are acceptable for voltages
up to 35 kV. Connectors shall be of the | oadbreak type as indicated, of suitable construction for the
application and the type of cable connected, and shall include cable shield adaptors. Separable insul ated

connectors shall not be used as substitutes for conventional pernmanent splices. External clanping points and
test points shall be provided

.5.3 Ter m nati ons

Term nations shall be in accordance with IEEE Std 48, Cass 1 er—Class—2;—of the nol ded el astomer, wet-process
porcel ain, prestretched el astoner, heat-shrinkable elastoner, or taped type. Acceptable elastoners are
track-resistant silicone rubber or track-resistant ethylene propyl ene conpounds, such as ethyl ene propyl ene
rubber or ethyl ene propyl ene di ene nonormer. Separabl e insulated connectors nmay be used for apparatus

term nations, when such apparatus is provided with suitable bushings. Term nations shal

. . Class 3 ternminations are not
acceptable. Term nations, where required, shall be provided with nounting brackets suitable for the intended
installation and with grounding provisions for the cable shielding, netallic sheath, and arnor.

.5.3.1 Factory Preformed Type

Mol ded el astonmer, wet-process porcelain, prestretched, and heat-shrinkable term nations shall utilize factory
prefornmed conponents to the maxi mum extent practicable rather than tape build-up. Termnations shall have
basic inpulse levels as required for the systemvoltage |level. Leakage distances shall conply with wet

wi t hstand voltage test requirenents of |EEE Std 48 for the next higher Basic Insulation Level (BIL) level. [
Anti-tracking tape shall be applied over exposed insulation of preforned nol ded el astonmer tern nations}.

.5.3.2 Taped Term nati ons

Taped term nations shall use standard ternmination kits providing term nal connectors, field-fabricated stress
cones, and rain hoods. Term nations shall be at |east 510 nmlong fromthe end of the tapered cable jacket to
the start of the term nal connector, or not |less than the kit nmanufacturer's recommendati ons, whichever is
greater.

.6 CONDUI T AND DUCTS

Ducts shall be single, round-bore type, with wall thickness and fittings suitable for the application. Duct
lines shall be concrete-encased, thin-wall type. Low vol tage |ines or Communication line runs shall also be
inthin-wall type concrete encased ducts. Were concrete encaserment is not required, |lowvoltage circuits may
utilize factory-installed cable in coilable plastic duct.

.6.1 Metal li c Conduit

Internediate netal conduit shall conply with UL 1242. Rigid galvani zed steel conduit shall conply with UL 6
and ANSI C80.1. Metallic conduit fittings and outlets shall conply with UL 514A and NEVA FB 1

.6.2 Nonnetal | i ¢ Ducts

.6.2.1 Concrete Encased Ducts

UL 651 Schedul e 40 or NEMA TC 6 Type EB

.6.3 Condui t Seal i ng Conpound

Conpounds for sealing ducts and conduit shall have a putty-like consistency workabl e with the hands at
tenperatures as low as 2 degrees C (35 degrees F), shall neither slunp at a tenperature of 150 degrees C (300
degrees F), nor harden materially when exposed to the air. Conpounds shall adhere to clean surfaces of fiber
or plastic ducts; nmetallic conduits or conduit coatings; concrete, masonry, or |ead; any cabl e sheaths,
jackets, covers, or insulation materials; and the conmmon netals. Conpounds shall forma seal without

di ssol ving, noticeably changing characteristics, or renoving any of the ingredients. Conpounds shall have no
injurious effect upon the hands of worknen or upon materials.

T HANDHOLES AND PULLBOXES

Handhol es, and pul | boxes shall be as indicated. Strength of handhol es, and pul |l boxes and their frames and
covers shall conformto the requirenents of |IEEE C2. Precast-concrete handhol es shall have the required

strength established by ASTM C 478, ASTM C 478M Franes and covers shall be nade of gray cast iron and a

machi ne-fini shed seat shall be provided to ensure a matching joint between frame and cover. Cast iron shal
conply with ASTM A 48M, Cass 30B, mninmum Handholes for |ow voltage cables installed in parking |ots,

si dewal ks, and turfed areas shall be fabricated froman aggregate consisting of sand and with conti nuous woven
gl ass strands having an overall conpressive strength of at |east 10,000 psi and a flexural strength of at | east
5000 psi. Pullbox and handhol e covers in sidewal ks, and turfed areas shall be of the sane material as the box.
Concrete pull boxes shall consist of precast reinforced concrete boxes, extensions, bases, and covers.

. 8 TRANSFORMERS

Transforners shall be of the outdoor type having the ratings and arrangenents indicated. Mediumvoltage
rati ngs of cable term nations shall be 15 kV between phases for 133 percent insulation |evel

.8.1 Pad- Mount ed Transforners

Pad- mounted transforners shall conply with ANSI C57.12.26 and shall be of the radial feed type. Pad-nmounted
transforner stations shall be assenbled and coordi nated by one manufacturer and each transforner station shal
be shipped as a conplete unit so that field installation requirements are limted to nounting each unit on a
concrete pad and connecting it to primary and secondary lines. Stainless steel pins and hinges shall be
provided. Barriers shall be provided between high- and | ow voltage conpartnents. High-voltage conpart nent
doors shall be interlocked with | owvoltage conpartnment doors to prevent access to any high-voltage section
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unl ess its associated | ow vol tage section door has first been opened. Conpartnents shall be sized to neet the
speci fic di nensional requirenents of ANSI C57.12.26. Pentahead | ocking bolts shall be provided wth
provi sions for a padl ock.

2.8.1.1 Hi gh- Vol t age Conpartnents

The hi gh-voltage conpartnment shall be dead-front construction. Prinmary switching and protective devices shal
i ncl ude | oadbreak switching, oil-imersed, bayonet-type, overload fuse in series with a partial range
current-limting fuse, mediumvoltage separabl e | oadbreak connectors, universal bushing wells and inserts or

i ntegral one piece bushings and surge arresters. Fuses shall conply with the requirenments of paragraph
METERI NG AND PROTECTI VE DEVI CES. The switch shall be mounted inside transfornmer tank with switch operating
handl e | ocated in high-voltage conpartnment and equi pped with netal |oop for hook stick operation. Fuses shal
be interlocked with switches so that fuses can be renpved only when the associated switch is in the "OPEN
position. Adjacent to nmediumvoltage cable connections, a naneplate or equival ent stencilled inscription
shal | be provided inscribed "DO NOT OPEN CABLE CONNECTORS UNLESS SWTCH IS OPEN." Surge arresters shall be
fully insulated and configured to term nate on Fthe same bushing as the primary cable by neans of a | oadbreak

f eed-t hrough bushi ng i nsert }-fa—second-set—of high—veltage bushings}
2.8.1.2 Load-Break Switch

Radi al -feed oil-imersed type rated at 15 kV, 95 kV BIL, with a continuous current rating and | oad-break rating
of 200 anpere, and a make-and-latch rating of 10,000 rns anperes symetrical. Locate the switch handle in the
hi gh-vol t age conpart nent.

2.8.1.3 Transfornmer Tank Sections

Transforners shall conply with | EEE C57.12. 00, ANSI C57.12.21, and ANSI C57.12.26 and shall be of the mnera
oil-insulated type or |ess-flammble, |iquid-insulated type with Fhigh nolecul ar-wei ght hydrocarbon} or

di methyl silicone liquid. Transfornmers shall be suitable for outdoor use and shall have 2 separate w ndings
per phase. Standard NEMA primary taps shall be provided. Where prinmary taps are not specified, 4, 2-1/2
percent rated kVA high-voltage taps shall be provided 2 above and 2 bel ow—|below}l rated, primary voltage
Operating handles for primary tap changers for de-energi zed operation shall be |ocated w thin high-voltage
conpartnments, externally to transforner tanks. Adjacent to the tap changer operating handl e, a nameplate or
equi val ent stenciled inscription shall be provided and i nscribed "DO NOT OPERATE UNDER LQOAD." Transf orner
ratings at 60 Hz shall be as foll ows:

Three-phase capacity. . ..... ... . i 500 kVA

I MpedanCe. . . . 4.5 9 __ ].
Tenmperature RiSe. . ... ... e e 65 degrees C

Hi gh-voltage winding............. ... . .. ... 13.8 Kilo volts.

Hi gh-voltage winding connections.................uiiiuun... Delta
Lowvoltage winding............ ... 480\ 277 volts.
Low voltage winding connections................. ..., grounded wye

2.8.1.4 Low Vol t age Cabl e Conpartnents

Neutrals shall be provided with fully-insul ated bushings. Canp type cable term nations, suitable for copper
conductors entering frombel ow, shall be provided as necessary.

2.8.1.5 Accessori es

Hi gh-vol tage warning signs shall be permanently attached to each side of transfornmer stations. Voltage

warni ng signs shall conmply with |EEE C2. Copper-faced steel or stainless steel ground connection pads shall be
provided in both the high- and | ow voltage conpartnents. Dial-type thernometer, |iquid-Ievel gauge, and drain
valve with built-in sanpling device shall be provided for each transfornmer station. |nsul ated-bushing-type

par ki ng stands shall be provided adjacent to each separabl e | oad-break el bow to provide for cable isolation
during sectionalizing operations.

2.9 METERI NG AND PROTECTI VE DEVI CES

2.9.1 Circuit Breakers, Low Voltage

2.9.1.1 Low Vol tage Power Circuit Breakers
a. Construction

Low vol tage power circuit breakers shall conformto | EEE C37.13, ANSI C37.16, and NEMA SG 3 and shall be
three-pole, single-throw, stored energy, [manually operated type except where shown el ectrically}—
[electrically}loperated, with drawout nounting. Solid-state trip elenments which require no external power
connections shall be provided. Circuit breakers shall have an open/close contact indicator, primry

di sconnect devices, and a nechanical interlock to prevent making or breaking contact of primary disconnections

when the circuit breaker is closed. Control voltage shall be 2448} {3125}V dc_or } {120 V acl{fas—
indicated}. The circuit breaker enclosure shall be suitable for its intended |ocation

b. Ratings

Vol tage ratings shall be not less than the applicable circuit voltage. Circuit breakers shall be rated for 100
percent continuous duty and shall have trip current ratings and frane sizes as shown. Nom nal voltage ratings,
maxi mum conti nuous-current ratings, and nmaxi mum short-circuit interrupting ratings shall be in accordance with
ANSI C37.16. Tripping features shall be as follows:

1. Long-tinme current pick-up, adjustable from50 percent to 100 percent of sensor current rating

2. Adjustable |ong-tine delay.

3. Short-tinme current pick-up, adjustable from1.5 to 9 tines long-time current setting

4. Adjustable short-tinme del ay.

5. [Short-tinme |2t switch.]

6. Instantaneous current pick-up, adjustable from1l.5 to 9 tinmes long-tinme current setting

7 Ground-fault pick-up, adjustable from 20 percent to 60 percent of sensor rating, but in no case

g}eater than 1200 anperes. Sensing of ground-fault current at the main bonding junper or ground strap
shall not be permtted. i i i i
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8. [Fixed}—[Adjustabl e} ground-fault delay.
9. [Gound-fault 12t switch.}

10. fOverl oad}—+fand}, fshort-circuit} fFand} fground-fault} trip indicators shall be provided
2.9.1.2 Mol ded- Case Circuit Breakers
NEMA AB 1 and UL 489
2.9.2 Fuses, Medi um Voltage, Including Current-Limting
2.9.2.1 Construction

Units shall be suitable for outdoor use. Fuses shall have integral blown-fuse indicators. Al ratings shal
be clearly visible

2.9.2.2 Rat i ngs

Fexputsion-typelfCurrent-linmting} power fuses shall have ratings in accordance with ANSI C37.46 and as
foll ows:

Nom nal voltage. . ....... .. . e e 13.8 KV[——}

Rated maxi num voltage. . ........ . . 13. BKV|——}

Maxi mum symetrical interrupting capacity....................... Per Mr's reconmendati onsl——}-.
Rated continuoUS CUrrent . ..... ... e e e e 30—

Bl L. o 110KV|———}

2.9.2.3 E- Rated, Current-Limting Power Fuses
E-rated, current-limting, power fuses shall conformto ANSI C37.46
2.9.2.4 C-Rated, Current-Limting Power Fuses

Crated, current-limting power fuses shall open in 1000 seconds at currents between 170 and 240 percent of the
C rating.

2.9.3 Fuses, Low Voltage, Including Current-Linmting

Lowvol tage fuses shall conformto NEMA FU 1. Tine delay orand nontime delay fuseseptions shall be as utilized
where protection is needed but no protection is provided. [shown] fspecifiedl— Equipnent provided under this
contract shall be provided with a conplete set of properly rated fuses when the equi pment manufacturer utilizes
fuses in the manufacture of the equipnent, or if current-limting fuses are required to be installed to limt
the anpere-interrupting capacity of circuit breakers or equipnent to | ess than the maxi nrum avail able fault
current at the location of the equipnent to be installed. Fuses shall have a voltage rating of not |ess than

t he phase-to-phase circuit voltage, and shall have the tinme-current characteristics required for effective
power system coordi nation

2.9.3.1 Cartridge Fuses

Cartridge fuses, current-limting type, Cass [G [J] [K [L] [RK1] [RK5] [RKO] [T] [CC] shall have tested
interrupting capacity not |ess than [100,000] [200,000] anperes. Fuse holders shall be the type that wll
reject Class H fuses.

a. Cass [ [J] [L] [cC fuses shall conformto UL 198C

b. Cdass K fuses shall conformto UL 198D

c. Class R fuses shall conformto UL 198E

d. Cass T fuses shall conformto UL 198H

2.9.3.2 Transfornmer Circuit Fuses

Transfornmer circuit fuses shall be Class RKL or RK5, current-limting, tine-delay with 200,000 anperes
i nterrupting capacity.

2.9.4 I nstrument Transformers
2.9.4.1 Gener a
Instrument transforners shall conmply with ANSI Cl12.11 and | EEE C57.13. Instrunent transfornmers shall be

configured for nmounting in/on the device to which they are applied. Polarity marks on instrunment transforners
shal | be visually evident and shown on draw ngs.

2.9.4.2 Current Transforners
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9.4.3 Current Transforners for Kwh and Demand Metering (Low Voltage)

Current transfornmers shall conformto | EEE C57.13. Provide current transformers with a standard netering

accuracy C ass of 03 through|—1, withamnaimumRFof [ — ] at 30 degrees C, with 600-volt insulations,

and 10 kV BIL. Provide butyl-nol ded, w ndowtype current transforners nounted fon the transforner |ow voltage
bushings. Route current transformer leads to a netering |locati on shown on draw ngsin—alocationasrenmpteas—
possi-ble away fromthe power transforner secondary cables to permt current neasurenents to be taken with

hook- on- amet er s. }-H-n-thecurrenttransfornmer—cabinet—}

2

9.5 Wat t hour Meters

WAt t hour neters shall conformto ANSI Cl12.10, except nunbered term nal wring sequence and case size may be the

manuf acturer's standard. Watthour neters shall be of the [drawout—switechboard-typelfsocket nounted [outdoor}—|
i ndoor} type} having a [F45}f30}f60}—fF—— } minute, curmulative form denmand register neeting ANSI Cl2.4 and

provided with not | ess than 2-1/2 stators. [Watthour demand nmeters shall have factory-installed electronic
pul se initiators. Pulse initiators shall be solid-state devices incorporating light-emtting diodes,

phototransi stors, and power transistors, except that mercury-wetted output contacts are acceptable. Initiators
shall be totally contained within watthour demand nmeter encl osures, shall be capable of operating up to speeds
of 500 pul ses per minute with no false pul ses, and shall require no field adjustnments. Initiators shall be

calibrated for a pulse rate output of 1 pulse per 1/4 disc revolution of the associated nmeter and shall be
conpatible with the indicated equi pnent}.

.10 SURGE ARRESTERS

Surge arresters shall conply with NEMA LA 1, |EEE C62.1, |EEE C62.2, and | EEE C62. 11 and shall be provided
wher e i ndi cat ed. Arresters shaII be PsLaLken}—%knLe##edkaLe}—%d|str|but|on} cl ass, rated as shown. —A##es%e#s—

pUrpose— Arresters shal | be eqU|pped with nDunt|ng brackets SU|tabIe for the |nd|cated |nstallat|ons
Arresters shall be of the pvalvelfer}fnetal-oxide varistor}—f or} fconbination val ve-netal -oxi de varistor}

type.

11 GROUNDI NG AND BONDI NG

11,1 Driven Ground Rods

Gound rods shall be fcopper-clad steel conforming to UL 467 or} fzinc-coated steel conforming to ANSI C135. 30—

%se#+d—s¥a+n#ess-s¥ee#} not |ess than —35-9-mm{(5/8i+neh} 19 mMmm (3/4 inch)} in diameter by 3.1 m (10 feet)}H-
244 m{8feet}} in length. Sectional type rods may be used.

.11.2 Groundi ng Conductors

Groundi ng conductors shall be bare, except where installed in conduit with associ ated phase conductors.

I nsul at ed conductors shall be of the sane material as phase conductors and green col or-coded, except that
conductors shall be rated no nore than 600 volts. Bare conductors shall be ASTM B 8 soft-drawn unl ess

ot herwi se indicated. Alumnumis not acceptable

.12 CONCRETE AND REI NFORCEMENT

Concrete work shall have mninmum 20 MPa conpressive strength and conformto the requirenents of Section 03300
CAST- | N- PLACE STRUCTURAL CONCRETE. Concrete reinforcing shall be as specified in Section 03200 CONCRETE
REI NFORCEMENT.

.13 PADLOCKS

Padl ocks shall conply with Section 08710 DOOR HARDWARE

.14 CABLE FI REPROCFI NG SYSTEMS

Cabl e fireproofing systens shall be listed in FM P7825a as a fire-protective coating or tape approved for
grouped el ectrical conductors and shall be suitable for application on the type of mediumvoltage cables
provided. After being fully cured, materials shall be suitable for use where exposed to oil, water, gases,
salt water, sewage, and fungus and shall not danmmge cabl e jackets or insulation. Asbestos naterials are not
accept abl e

.14.1 Fi reproof Coating

Cabl e fireproofing coatings shall be conpounded of water-based thernoplastic resins, flane-retardant
chem cal s, and i norgani c nonconbustible fibers and shall be suitable for the application nethods used
Coatings applied on bundl ed cables shall have a derating factor of |ess than 5 percent, and a dielectric
strength of 95 volts per m| mnimmafter curing

.14.2 Fi reproofing Tape
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Fireproofing tape shall be at least 50 mm (2 inches) w de and shall be a flexible, conformable, polyneric
el astonmer tape designed specifically for fireproofing cables.

.14.3 Pl astic Tape

Preapplication plastic tape shall be pressure sensitive, 0.254 mm (10 nmil) thick, conformng to UL 510

.15 LI QUI D DI ELECTRI CS

Liquid dielectrics for transforners, capacitors, reclosers, and other liquid-filled electrical equipnent shal
be non-pol ychl ori nated bi phenyl (PCB) mineral-o0il or |ess-flammable |iquid as specified. Nonflammuable fluids
shall not be used. Tetrachl oroethylene (perchloroethylene) and 1, 2, 4 trichlorobenzene fluids shall not be
used. Liquid dielectrics in retrofitted equi pnment shall be certified by the manufacturer as having | ess than
5012} parts per million (ppm) PCB content. 1In lieu of the manufacturer's certification, the Contractor may
submt a test sanple of the dielectric in accordance with ASTM D 923 and have tests perfornmed per ASTM D 4059
at a testing facility approved by the Contracting Oficer. Equipnment with test results indicating PCB | eve
exceedi ng 502} ppm shall be replaced

.16 FACTORY TESTS

Factory tests shall be performed, as follows, in accordance with the applicable publications and with other
requi renents of these specifications. The Contracting Oficer shall be notified at |east 08} 30—} days

before the equipnent is ready for testing. The Contracting Oficer reserves the right to witness the tests.

a. Transforners: Manufacturer's standard froutine, }f design}— and} fother} tests in accordance wth
| EEE C57.12.00

b. Transforners rated 200 kVA and above: Reduced full-wave, chopped-wave, and full-wave inpul se test on
each line and neutral ternminal, in accordance with | EEE C57. 98

c. H gh-Voltage Air Switches: Manufacturer's standard tests in accordance with | EEE C37.34 and | EEE C37.41

d. Protective Relays: Seismic tests in accordance with IEEE C37.98. Surge withstand tests in accordance
with | EEE C37.90.1

e. Relaying Current Transforners: Mnufacturer's standard tests in accordance with | EEE C57. 13
f. Instrument Current Transformers: Manufacturer's standard tests in accordance with | EEE C57. 13

g. Factory Prefornmed Termi nations: Wt withstand voltage tests in accordance with |EEE Std 48 for the
next higher BIL |evel

h. Qutdoor Swi tchgear: Manufacturer's standard tests in accordance with | EEE C37.20.1, |EEE C37.20.2
and | EEE C37.20.3

i. Electrical Power Insulators: Mnufacturer's standard tests in accordance with ANSI C29.1

PART 3 EXECUTI ON

3

3

1 GENERAL | NSTALLATI ON REQUI REMENTS

Equi pnent and devi ces shall be installed and energized in accordance with the manufacturer's published

i nstructions. —Creui-ts—installedaerially-shall-—conformto the reguirements—of Section- 16370 ELECTRICAL -
DLSTRIBUTHHON-SYSTEM—AERIAL- Steel conduits installed underground shall be installed and protected from
corrosion in conformance with the requirenents of Section 16415 ELECTRI CAL WORK, | NTERI OR. Except as covered
herei n, excavation, trenching, and backfilling shall conformto the requirenents of Section 02316 EXCAVATI ON
TRENCHI NG, AND BACKFI LLI NG FOR UTI LI TIES SYSTEMS. Concrete work shall have nmini mum 20 MPa conpressive strength
and conformto the requirenents of Section 03300 CAST-| N PLACE STRUCTURAL CONCRETE

1.1 Conf ormance to Codes

The installation shall conply with the requirenents and recomendati ons of NFPA 70 and | EEE C2 as applicabl e

1.2 Verification of Dinensions

The Contractor shall becorme familiar with details of the work, shall verify dinensions in the field, and shal
advi se the Contracting O ficer of any discrepancy before perform ng any work.

.1.3 Di sposal of Liquid Dielectrics

PCB- cont am nated dielectrics must be marked as PCB and transported to and incinerated by an approved EPA waste
di sposal facility. The Contractor shall furnish certification of proper disposal. Contaninated dielectrics
shall not be diluted to | ower the contamination |evel

.2 CABLE | NSTALLATI ON

The Contractor shall obtain fromthe manufacturer an installation manual or set of instructions which addresses
such aspects as cable construction, insulation type, cable dianeter, bending radius, cable tenperature
| ubricants, coefficient of friction, conduit cleaning, storage procedures, noisture seals, testing for and
purgi ng noisture, etc. The Contractor shall then [prepare a checklist of significant requirenents}fperform

i i i whi ch shall be subnitted along with the manufacturers
instructions in accordance with SUBM TTALS

.2.1 Cabl e Installation Plan and Procedure

Cabl e shall be installed strictly in accordance with the cable manufacturer's reconmendati ons. Each circuit
shal|l be identified by neans of a fiber, |amnated plastic, or non-ferrous nmetal tags, or approved equal, in
each handhol e, junction box, and each terminal. Each tag shall contain the follow ng information; cable type

conductor size, circuit nunber, circuit voltage, cable destination and phase identification

.2.1.1 Cabl e I nspection

The cable reel shall be inspected for correct storage positions, signs of physical damage, and broken end
seal s. If end seal is broken, noisture shall be renpved fromcable in accordance with the cable manufacturer's
r econmendat i ons.

2.1.2 Duct Cl eani ng
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Duct shall be cleaned with an assenbly that consists of a flexible mandrel (rmanufacturers standard product in

| engt hs recomended for the specific size and type of duct) that is 6.4 nm(1/4 inch) |less than inside dianeter

of duct, 2 wire brushes, and a rag. The cleaning assenbly shall be pulled through conduit a mninumof 2 tines

or until less than a volunme of 131 cubic centimeters (8 cubic inches) of debris is expelled fromthe duct.
3.2.1.3 Duct Lubrication

The cabl e lubricant shall be conpatible with the cable jacket for cable that is being installed. Application
of lubricant shall be in accordance with |[ubricant nmanufacturer's recommendati ons.

3.2.1. 4 Cabl e Installation
The Contractor shall provide a cable feeding truck and a cable pulling winch as required. The Contractor shal
provide a pulling grip or pulling eye in accordance with cable manufacturer's recomendati ons. The pulling
grip or pulling eye apparatus shall be attached to pol ypropylene or manilla rope followed by |ubricant front
end packs and then by power cables. A dynanmoneter shall be used to nmonitor pulling tension. Pulling tension
shall not exceed cable manufacturer's recomendati ons. The Contractor shall not allow cables to cross over
whil e cables are being fed into duct. For cable installation in cold weather, cables shall be kept at 10
degrees C (50 degrees F) tenperature for at |east 24 hours before installation

3.2.1.5 Cabl e Installation Plan

The Contractor shall submt a cable installation plan for all cable pulls in accordance with the detai
drawi ngs portion of paragraph SUBM TTALS. Cable installation plan shall include

a. Site layout drawing with cable pulls identified in nunmeric order of expected pulling sequence and
direction of cable pull

b. List of cable installation equipnrent.
c. Lubricant manufacturer's application instructions.
d. Procedure for resealing cable ends to prevent npoisture fromentering cable
e. Cable pulling tension calculations of all cable pulls.
f. Cable percentage conduit fill.
g. Cable sidewall thrust pressure
h. Cable mni mum bend radi us and m ni rum di anmeter of pulling wheels used
i. Cable jamratio.
j . Maximum al | owabl e pulling tension on each different type and size of conductor
k. Maxi mum al |l owabl e pulling tension on pulling device
3.2.2 Duct Line

[Medi um vol t age cabl es} | and Low vol tage cabl es} [Gables} shall be installed in duct |ines where indicated. [
Cabl e splices shall not be pernmitted, onl yin | owvoltage cables splices shall be allowed only in very |Iong runs
per NEC. rade—in—+e : herwi j-oi i i

3.2.3 I nsect and Rodent Danmge
Ani mal guards shall be installed as required
3.2.4 El ectri c Handhol es

Cabl es shall be routed around the interior walls and securely supported fromwalls on cables racks. Cable
routing shall mnimze cable crossover, provide access space for mmintenance and installation of additiona
cabl es, and mmintain cable separation in accordance with | EEE C2.

3.3 FI REPROCFI NG

Each nedi um vol tage cabl e and conductor in handmanhol es shall be fire-proofed for their entire length within

t he manhandhol e. \Where cabl es and conductors have been lubricated to enhance pulling into ducts, the lubricant
shal | be renpbved from cabl es and conductors exposed in the manhol e before fireproofing.} [Fire-stops shall be
installed in each conduit entering or |eaving a sanhandhol e. }

3.3.1 Tape Met hod

Bef ore application of fireproofing tape, plastic tape wapping shall be applied over exposed netallic itens
such as the cable ground wire, netallic outer covering, or arnor to mnimze the possibility of corrosion from
the fireproofing materials and noisture. Before applying fireproofing tape, irregularities of cables, such as
at cable joints, shall be evened out with insulation putty. A flexible conformable polynmeric el astoner
fireproof tape shall be wapped tightly around each cable spirally in 1/2 | apped wapping or in 2 butt-jointed
wr appi ngs with the second wapping covering the joints of the first.

3.3.2 Spr ayabl e Met hod

Manhol es shal |l be power ventilated until coatings are dry and dewatered and the coatings are cured

Ventilation requirenents shall be in accordance with the manufacturer's instruction, but not less than 10 air
changes per hour shall be provided. Cable coatings shall be applied by spray, brush, or glove to a wet film

t hi ckness that reduces to the dry filmthickness approved for fireproofing by FM P7825a. Application nethods
and necessary safety precautions shall be in accordance with the manufacturers instructions. After

application, cable coatings shall be dry to the touch in 1 to 2 hours and fully cured in 48 hours, except where
the manufacturer has stated that because of unusual hum dity or tenperature, |onger periods nmay be necessary.

3.4 DUCT LI NES
3.4.1 Requi renent s

Nunbers and sizes of ducts shall be as indicated. Duct lines shall be laid with a m ni num sl ope of 100 mm per
30 m Depending on the contour of the finished grade, the high-point may be at a termnal, a nanhole, a
handhol e, or between manhol es or handhol es. Short-radi us manuf actured 90-degree duct bends nay be used only
for pole or equipnent risers, unless specifically indicated as acceptable. The m ni nrum manuf actured bend

radi us shall be 450 nm (18 inches) for ducts of |less than 80 mm (3 inch) dianeter, and 900 nm (36 i nches) for
ducts 80 nm (3 inches) or greater in dianeter. Oherw se, |ong sweep bends having a mninumradius of 7.6 m
shal | be used for a change of direction of nore than 5 degrees, either horizontally or vertically. Both curved
and straight sections may be used to formlong sweep bends, but the maxi mum curve used shall be 30 degrees and

SECTI ON 16375A Page 14 Encl. 1 to Anend. 0003



March AFB, FlI RE/ CRASH RESCUE STATI ON 1214

manuf act ured bends shall be used. Ducts shall be provided with end bells whenever duct lines termnate in
manhol es or handhol es.

3.4.2 Tr eat nent

Ducts shall be kept clean of concrete, dirt, or foreign substances during construction. Field cuts requiring
tapers shall be nade with proper tools and match factory tapers. A coupling reconmended by the duct

manuf acturer shall be used whenever an existing duct is connected to a duct of different material or shape
Ducts shall be stored to avoid warping and deterioration with ends sufficiently plugged to prevent entry of any
wat er or solid substances. Ducts shall be thoroughly cleaned before being laid. Plastic ducts shall be stored
on a flat surface and protected fromthe direct rays of the sun

3.4.3 Concret e Encasement

Ducts requiring concrete encasenents shall conply with NFPA 70, except that electrical duct bank configurations
for ducts 150 mm (6 inches) in dianmeter shall be determ ned by cal culation and as shown on the drawi ngs. The
separ ati on between adjacent electric power and communi cation ducts shall conformto |EEE C2. Duct |ine
encasenents shall be nonolithic construction. Were a connection is nade to a previously poured encasenent,

t he new encasenment shall be well bonded or doweled to the existing encasenent. The Contractor shall submt
proposed bondi ng nethod for approval in accordance with the detail drawi ng portion of paragraph SUBM TTALS

At any point, except railroad and airfield crossings, tops of concrete encasenments shall be not |ess than the
cover requirenents listed in NFPA 70. At railroad and airfield crossings, duct |lines shall be encased with
concrete and reinforced as indicated to withstand specified surface |oadings. Tops of concrete encasenents
shall be not less than 1.5 mbelow tops of rails or airfield paving unless otherw se indicated. Were ducts
are jacked under existing pavenent, rigid steel conduit will be installed because of its strength. To protect
the corrosion-resistant conduit coating, predrilling or installing conduit inside a |arger iron pipe sleeve

(j ack-and-sl eeve) is required. For crossings of existing railroads and airfield pavenents greater than 15 m
in length, the predrilling nethod or the jack-and-sleeve nethod will be used. Separators or spacing bl ocks
shal | be made of steel, concrete, plastic, or a conbination of these materials placed not farther apart than
1.2 mon centers. Ducts shall be securely anchored to prevent novenent during the placenent of concrete and
joints shall be staggered at |east 150 mmvertically.

3.4.4 Install ati on of Couplings

Joints in each type of duct shall be nmade up in accordance with the manufacturer's recomendati ons for the
particul ar type of duct and coupling sel ected and as approved.

3.4.4.1 Pl asti c Duct

Duct joints shall be nmade by brushing a plastic solvent cenment on insides of plastic coupling fittings and on
out si des of duct ends. Each duct and fitting shall then be slipped together with a quick 1/4-turn tw st to set
the joint tightly.

3.4.5 Duct Line Markers

Duct line markers shall be provided [Fas indicated} and Fat the ends of |ong duct |ine stubouts or for other
ducts whose |l ocations are indeterm nate because of duct curvature or term nations at conpletely bel ow grade
structures}. In addition to markers, a 0.127 mm (5 ml) brightly colored plastic tape, not less than 75 nm (3
inches) in width and suitably inscribed at not nore than 3 m (10 feet) on centers with a continuous netallic
backi ng and a corrosion-resistant 0.0254 mMmm (1 mil) netallic foil core to permt easy l|location of the duct
line, shall be placed approxi mately 300 nm bel ow fi ni shed grade | evels of such lines.

3.5 HANDHOLES, AND PULLBOXES
3.5.1 CGener a

Handhol es shall be constructed approxi mately where shown. The exact |ocation of each handhol e shall be
determ ned after careful consideration has been given to the location of other utilities, grading, and paving
The | ocati on of each handhol e shall be approved by the Contracting O ficer before construction of the Handhol e
is started. Handhol es shall be the type noted on the drawi ngs and shall be constructed in accordance with the
applicable details as indicated. Top, walls, and bottom shall consist of reinforced concrete. Wlls and
bottom shall be of monolithic concrete construction. The Contractor may at his option utilize nonolithically
constructed precast-concrete handhol es having the required strength and inside di mensions as required by the
drawi ngs or specifications. |In paved areas, frames and covers for handhol e entrances in vehicular traffic
areas shall be flush with the finished surface of the paving. |In unpaved areas, the top of handhol e covers
shal | be approxi mately 15 nm above the finished grade. Where existing grades that are higher than finished
grades are encountered, concrete assenblies designed for the purpose shall be installed to el evate tenporarily
t he handhol e cover to existing grade level. Al duct |lines entering handhol es nust be installed on conpact
soi|l or otherw se supported when entering a handhole to prevent shear stress on the duct at the point of
entrance to the handhole. Duct lines entering cast-in-place concrete handhol es shall be cast in-place with the
manhol e. Duct lines entering precast concrete handhol es through a precast knockout penetration shall be
grouted tight with a portland cenent nortar. PVC duct lines entering precast handhol es through a PVC endbel
shal |l be solvent welded to the endbell. A cast netal grille-type sunp frame and cover shall be installed over
t he handhol e sunmp. A cable-pulling iron shall be installed in the wall opposite each duct |ine entrance

3.5.2 El ectri ¢ Handhol es

Cabl es shall be securely supported fromwalls by hot-dip galvanized cable racks with a plastic coating over the
gal vani zi ng and equi pped with adjustable hooks and insulators. The nunber of cable racks indicated shall be
installed in each handhol e and not | ess than 2 spare hooks shall be installed on each cable rack. Insulators
shal | be made of high-glazed porcelain. Insulators will not be required on spare hooks.

3.5.3 Conmuni cat i ons Handhol es

The nunber of hot-dip gal vani zed cable racks with a plastic coating over the gal vani zing i ndicated shall be
installed in each tel ephone handhol e. Each cable rack shall be provided with 2 cable hooks. Cables for the
t el ephone and conmuni cati on systens will be installed by others.

3.5.4 Pul | boxes

Pul | box tops shall be flush with sidewal ks or curbs or placed 15 nmabove surroundi ng grades when remote from
curbed roadways or sidewal ks. Covers shall be marked "Low Vol tage" and provided with 2 lifting eyes and 2
hol d-down bolts. Each box shall have a suitable opening for a ground rod. Conduit, cable, ground rod
entrances, and unused openings shall be sealed with nortar

3.5.5 Ground Rods

A ground rod shall be installed at the manheles,—handhol es and pul | boxes. Ground rods shall be driven into the
earth before the handmanhol e floor is poured so that approximtely 100 nmof the ground rod will extend above

t he manhandhol e floor. When precast concrete manhol es are used, the top of the ground rod may be bel ow t he hand
manhole floor and a No. 1/0 AWG ground conductor brought into the manrhandhol e through a watertight sleeve in

t he manhol e wal |

3.6 PAD- MOUNTED EQUI PMENT | NSTALLATI ON
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Pad- mount ed equi pnent, shall be installed on concrete pads in accordance with the manufacturer's published
standard installation drawi ngs and procedures, except that they shall be nodified to nmeet the requirenents of
this docunment. Units shall be installed so that they do not danmage equi pnent or scratch painted or coated
surfaces. After installation, surfaces shall be inspected and scratches touched up with a paint or coating
provi ded by the manufacturer especially for this purpose. Three-phase transformers shall be installed wth
——1} phase sequence in synchronization with system phase rotation.. Primary taps shall be set at 13. 8KV

3.6.1 Concr et e Pads
3.6.1.1 Construction

Concrete pads for pad-nounted el ectrical equi pnment fnay be either pre-fabricated or}— shall be}

pour ed-in-place. Pads shall be constructed as indicated, except that exact pad di nensions and nounting details
are equi pnent specific and are the responsibility of the Contractor. Tops of concrete pads shall be |evel and
shal | project 100 nm above fini shed PLLQQ#}—%Q&#FH@—Q# grade} and sloped to drain. Edges of concrete pads

shall have 20 mm chanfer. Conduits for primary, secondary, and groundi ng conductors shall be set in place
prior to placement of concrete pads. Were grounding el ectrode conductors are installed through concrete

pads, PVC conduit sl eeves shall be installed through the concrete to provide physical protection. To
facilitate cable installation and term nation, the concrete pad shall be provided with a rectangul ar hol e bel ow
the primary and secondary conpartnents, sized in accordance with the manufacturer's recomended di mensi ons.

Upon conpl etion of equiprment installation the rectangular hole shall be filled with masonry grout.

3.6.1.2 Concrete and Rei nforcenent
Concrete work shall have m ninmum 20 MPa conpressive strength and conformto the requirenents of Section 03300
CAST- | N- PLACE STRUCTURAL CONCRETE. Concrete pad reinforcenent shall be in accordance with Section 03200
CONCRETE REI NFORCEMENT

3.6.1.3 Seal i ng
When the installation is conplete, the Contractor shall seal all conduit and other entries into the equi pnent
encl osure with an approved sealing conpound. Seals shall be of sufficient strength and durability to protect
all energized live parts of the equi pment fromrodents, insects, or other foreign matter

3.6.2 Padl ocks

Padl ocks shal |l be provided for pad-nounted equi pnent . —andfer—eachfencegate—Padle Padl ocks shall be keyed
[alike] [as directed by the Contracting Oficer}.

3.7 CONNECTI ONS BETWEEN AERI AL AND UNDERGROUND SYSTEMS

Connecti ons between aerial and underground systens shall be nmade as shown. Underground cabl es shall be
extended up poles in fguards or} fconduit} to cable term nations. Conduits shall be secured to the pol es by
2-hol e gal vani zed steel pipe straps spaced not nore than 3 mapart and with 1 strap not nore than 300 nm from
any bend or termination. Cable guards shall be secured to poles in accordance with the manufacturer's
publ i shed procedures. Conduits shall be equi pped with bushings to protect cables and mnimze water entry.
Capnut pot heads shall be used to term nate nmedi umvoltage multipl e-conductor cable. Cables shall be supported
by devices separate fromthe conduit or guard, near their point of exit fromthe conduit or guard

3.8 GROUNDI NG

A ground [ret}—fring} consisting of the indicated configuration of bare copper conductors and driven ground
rods shall be installed funder}—faround} pad-nounted equi prent as shown. Equi pnent franmes of netal -encl osed
equi pnment, and ot her noncurrent-carrying netal parts, such as cable shields, cable sheaths and arnor, and
netallic conduit shall be grounded. At |east 2 connections shall be provided fromfa transforner, }a—

i ; i to the ground ring.mat— Metallic frames and covers of
handhol es and pull boxes shall be grounded by use of a brai ded, copper ground strap wi th equival ent anpacity of
No. 6 AWG

3.8.1 Groundi ng El ectrodes
Groundi ng el ectrodes shall be installed as shown on the drawi ngs and as foll ows:

a. Driven rod electrodes - Unless otherw se indicated, ground rods shall be driven into the earth unti
the tops of the rods are approxinmately 300 nm bel ow fini shed grade

c. Goundring - Aground ring shall be installed as shown consisting of bare copper conductors installed
[300}f450}{600} nm plus or mnus 75 mm below finished top of soil grade. G ound ring conductors
shal | be [sized—as—shown]—fNo. 2 AWG i ni nun}.

d. Additional electrodes - When the required ground resistance is not net, additional electrodes shall be
provi ded [ nterconnected with groundi ng conductors} fas indicated} to achieve the specified ground
resi stance. The additional electrodes will be fup to three, {24+ 3} m ({8} 10} feet) rods spaced a
m ni num of E3+{3—A mapart} or fa single extension-type rod, (£5-9++f19.1} nn1€%5#8}—%3/4} i nch)
diameter, up to 9.1 m (30 feet) long, fdriven perpendicular to grade
L+#s¥—#9d}}. In high ground resistance, UL |isted chem cally charged ground rods may be used. |[If the
resul tant resistance exceeds 25 ohms neasured not |ess than 48 hours after rainfall, the Contracting
O ficer shall be notified inmrediately.

3.8.2 Groundi ng and Bondi ng Connecti ons

Connecti ons above grade shall be nmade by the fusion-welding process or with bolted sol derl ess connectors, in
conpliance with UL 467, and those bel ow grade shall be nade by a fusion-welding process. Were grounding
conductors are connected to al um num conposition conductors, specially treated or |ined copper-to-al um num
connectors suitable for this purpose shall be used

3.8.3 Groundi ng and Bondi ng Conductors

Groundi ng and bondi ng conductors include conductors used to bond transforner encl osures and equi prent franes
to the grounding el ectrode system G oundi ng and bondi ng conductors shall be sized as shown, and |ocated to
provi de maxi mum physi cal protection. Bends greater than 45 degrees in ground conductors are not pernitted
Routing of ground conductors through concrete shall be avoi ded. Wen concrete penetration i s necessary,
nonnmetal lic conduit shall be cast flush with the points of concrete entrance and exit so as to provide an

SECTI ON 16375A Page 16 Encl. 1 to Anend. 0003



March AFB, FlI RE/ CRASH RESCUE STATI ON 1214

openi ng for the ground conductor, and the opening shall be sealed with a suitable conpound after installation
3.8.4 Surge Arrester G ounding

Surge arresters and neutrals shall be bonded directly to the transforner enclosure and then to the grounding
el ectrode systemw th a bare copper conductor, sized as shown. Lead |engths shall be kept as short as
practicable with no kinks or sharp bends.

3.8.5 Handhol e, or Concrete Pull box G oundi ng

Ground rods installed in handhol es, or concrete pull boxes shall be connected to cable racks, cable-pulling
irons, the cable shielding, netallic sheath, and arnor at each cable joint or splice by nmeans of a No. 4 AWG
brai ded tinned copper wire. Connections to nmetallic cable sheaths shall be by means of tinned termnals

sol dered to ground wires and to cable sheaths. Care shall be taken in soldering not to damage netallic cable
sheaths or shields. G ound rods shall be protected with a double wrapping of pressure-sensitive plastic tape
for a distance of 50 nm above and 150 nm bel ow concrete penetrations. G ounding el ectrode conductors shall be
neatly and firmy attached to handhole walls and the anpbunt of exposed bare wire shall be held to a m ni num

3.8.6 Metal Splice Case G ounding

Met al splice cases for nmediumvoltage direct-burial cable shall be grounded by connection to a driven ground
rod |l ocated within 600 mm of each splice box using a grounding el ectrode conductor having a current-carrying
capacity of at |east 20 percent of the individual phase conductors in the associated splice box, but not |ess
than No. 6 AWG

3.8.7 Ri ser Pol e Grounding

A single continuous vertical grounding el ectrode conductor shall be installed on each riser pole and connected
directly to the grounding el ectrodes indicated on the drawings or required by these specifications. Al

equi pnment, neutrals, surge arresters, and itens required to be grounded shall be connected directly to this
vertical conductor. The grounding el ectrode conductor shall be sized as shown. G ounding el ectrode
conductors shall be stapled to wood poles at intervals not exceeding 600 mMm

3.9 FI ELD TESTI NG
3.9.1 Cener a

Field testing shall be performed in the presence of the Contracting Officer. The Contractor shall notify the
Contracting O ficer 30— days prior to conducting tests. The Contractor shall furnish all materials,

| abor, and equi pnment necessary to conduct field tests. The Contractor shall performall tests and inspections
recommended by the manufacturer unless specifically waived by the Contracting Oficer. The Contractor shal
maintain a witten record of all tests which includes date, test perforned, personnel involved, devices
tested, serial nunber and nane of test equipment, and test results. Field test reports shall be signed and
dated by the Contractor

3.9.2 Saf ety

The Contractor shall provide and use safety devices such as rubber gloves, protective barriers, and danger
signs to protect and warn personnel in the test vicinity. The Contractor shall replace any devices or
equi pnment whi ch are danmaged due to i nproper test procedures or handling

3.9.3 Ground- Resi st ance Tests

The resistance of [each groundi ng el ectrode} | or each grounding el ectrode systen} Hhe-ground—mat}—fthe ground
ringl- shall be measured using the fall-of-potential nmethod defined in IEEE Std 81. G ound resistance

neasur enents shall be nade before the electrical distribution systemis energized and shall be nade in nornally
dry conditions not |ess than 48 hours after the last rainfall. Resistance neasurenents of separate grounding
el ectrode systens shall be nade before the systenms are bonded together bel ow grade. The conbi ned resistance of
separate systens nmay be used to neet the required resistance, but the specified nunber of electrodes nust stil
be provided

a. Single rod el ectrode - 25— ohns.

b. Miltiple rod el ectrodes - 25——-71 ohns.

3.9.4 Medi um Vol t age Cabl e Test

After installation and before the operating test or connection to an existing system the nedi umvoltage cable
system shall be given a high potential test. Direct-current voltage shall be applied on each phase conductor
of the system by connecting conductors as one terninal and connecting grounds or netallic shieldings or

sheaths of the cable as the other termnal for each test. Prior to making the test, the cables shall be

i sol ated by opening applicable protective devices and di sconnecting equi prent. The test shall be conducted
with all splices, connectors, and termnations in place. The nmethod, voltage, length of time, and other
characteristics of the test for initial installation shall be in accordance with NEMA WC 7 or NEMA WC 8 for the
particul ar type of cable installed, except that 28 kV and 35 kV insul ation test voltages shall be in accordance
with either AEIC CS5 or AEIC CS6 as applicable, and shall not exceed the recommendations of |EEE Std 404 for
cable joints and IEEE Std 48 for cable term nations unless the cable and accessory manufacturers indicate

hi gher voltages are acceptable for testing. Should any cable fail due to a weakness of conductor insulation or
due to defects or injuries incidental to the installation or because of inproper installation of cable, cable
joints, termnations, or other connections, the Contractor shall nmke necessary repairs or replace cables as
directed. Repaired or replaced cables shall be retested

3.9.5 Low Vol t age Cabl e Test
Low vol tage cable, conplete with splices, shall be tested for insulation resistance after the cables are
installed, in their final configuration, ready for connection to the equiprment, and prior to energization. The
test voltage shall be 500 volts dc, applied for one mnute between each conductor and ground and between al
possi bl e conbi nati ons conductors in the sane trench, duct, or cable, with all other conductors in the same
trench, duct, or conduit. The m ni num val ue of insulation shall be

R in negohns = (rated voltage in kV + 1) x 304, 800/ (length of cable in neters)
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Each cable failing this test shall be repaired or replaced. The repaired cable shall be retested unti
failures have been elim nated

3.9.6 Liquid-Filled Transforner Tests
The following field tests shall be performed on faH—HegquidfiHedtransformerst—fliquid-filled transformers 500

——1+ kVA and above}. Pass-fail criteria shall be in accordance with transfornmer manufacturer's

speci fications.
a. Insulation resistance test phase-to-ground
b. Turns ratio test.
c. Correct phase sequence

d. Correct operation of tap changer

3.9.7 Dry-Type Transforner Tests

The following field tests shall be perforned on Fall dry-type transforners} fdry-type transfornmer 15———-3F kVA

and above}. Pass-fail criteria shall be in accordance with the transforner manufacturer's specifications.
a. Insulation resistance test phase-to-ground

b. Turns ratio test.

3.9.8 Circuit Breaker Tests

The following field tests shall be perforned on circuit breakers. Pass-fail criteria shall be in accordance
with the circuit breaker manufacturer's specifications.

a. Insulation resistance test phase-to-phase

b. Insulation resistance test phase-to-ground

c. Closed breaker contact resistance test.

d. Power factor test.

e. High-potential test.

f.  [ManuaH}- forandl—felectrical }- operation of the breaker

3.9.9 Power Circuit Breaker Tests

The follow ng power circuit breakers shall be tested in accordance with ANSI C37.50

3.9.10 Operating Tests
After the installation is conpleted, and at such tinmes as the Contracting Oficer may direct, the Contractor
shal | conduct operating tests for approval. The equipnment shall be denonstrated to operate in accordance wth
the requirenents herein. An operating test report shall be submtted in accordance w th paragraph SUBM TTALS
3.10  ACCEPTANCE

Fi nal acceptance of the facility will not be given until the Contractor has successfully conpleted all tests
and after all defects in installation, material or operation have been corrected

-- End of Section --
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